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ABSTRACT
Bracts in upland cotton, Gossypium hirsutum L., have 
been implicated in byssinosis, a lung disorder associated 
with textile mill workers. Quantitative genetic studies 
were conducted to determine the inheritance of bract 
surface area and ratio of bract size/lint height per boll. 
A diallel analysis was performed using seven parents and 
their 21 and Fg populations. The parents were specifi­
cally chosen to represent a range of bract sizes, thus 
inferences were only made to the material included in this 
study. The two year-two location parent means ranged from 
4.1 to 8.7 cm2 in bract surface area and 2.7 to 5.6 ratio 
(cm2/g) of bract size/lint weight per boll. The experi­
ments were conducted at Alexandria and Baton Rouge, 
Louisiana in 1978 and 1979.
Heterosis was not detected for bract surface area. A 
partial failure of the assumptions of no epistasis, no 
multiple allelism, and independent gene distribution was 
observed in two of three general tests for bract surface 
area. Epistasis and multiple allelism were specifically 
tested and were considered neglible. Discrepancies were 
noted between generations for estimates of frequency of 
alleles and dominance gene effects. Partial dominance was
xiii
expressed at most loci where dominant alleles governed bract 
surface area, and the majority of dominant alleles condi­
tioned smaller bracts. Narrow-sense heritability estimates 
indicated that bract surface area heritability was 
primarily additive.
Significant positive genotypic correlations were 
calculated between bract surface area and the traits, 2.5% 
span length, boll weight, and lint weight per boll. Also, 
strength was significantly correlated, both genotypically 
and phenotypically in a negative direction, with bract 
surface area.
Since bract surface area was positively correlated with 
boll weight and lint weight per boll, the ratio of bract 
size/lint weight per boll was investigated as a more 
accurate measure of true changes in bract size relative to 
bolls.
Highly significant negative heterosis was detected for 
bract size/lint weight per boll. Epistasis and multiple 
allelism were determined to be insignificant factors in the 
inheritance of this trait even though all assumptions were 
not fulfilled. Partial dominance was exhibited at most loci 
where dominance was found, and the major portion of dominant 
alleles conditioned smaller ratios of bract size/lint weight 
per boll. This ratio was positively correlated with 50% 
span length and negatively correlated with fiber micronaire
xiv
Apparent discrepancies between generations and negative 
values for various estimates were explained on the basis of 
assumption failures and the inability of the tests of 
assumptions to detect small violations of the assumptions.
xv
INTRODUCTION
In the morphology of the cotton plant, Gossypium spp., 
the bracteole or involucre deserves special study; its 
position, enclosing the flower bud, flower, and later the 
boll, affords it a unique niche in the cotton plant's 
ecology. The relationship of the bracteole or bract to the 
plant's ecology is predominately twofold.
The first and probably most studied ecological relation­
ship is that between the host plant and insects. For 
example, greater residues of insecticide are left on the 
flower buds and young bolls and cause greater boll weevil, 
Anthonomus grandis Boheman, mortality on frego bract cottons 
than on normal bract cottons (50). Frego bract is a mutant 
bract type with approximately 43 percent the size of a 
normal bract (45). Research has shown frego bract cottons 
to be more susceptible to plant bugs, Lygus lineolarius 
P.de B. (39). This same report revealed no particular resis­
tance to the insects, Pectinophora gossypiella Saunders or 
Heliothis zea Bodie, as related to bract type. The non­
preference of boll weevils for frego bract cotton over normal 
bract cotton is well documented (10,23,24,25,26,29,33,40,50, 
57). The frego bract adversely affects boll weevil feeding
and oviposition behavior. The bract also serves as a 
structure for accumulation of Heliothis nuclear polyhedrosis 
virus, a biological control for the Heliothis species of 
insects (59).
In the second relationship bracts are involved in cer­
tain cotton diseases, most notably, boll rot. Luke and 
Pinckard (43) concluded from their experiments that the 
bract is an influencing factor in boll rot. Baehr and 
Pinckard (6 ) reported the bracts to be an excellent source 
of inoculum available for boll rot. Luke and Pinckard (43) 
found that removal of the bract prevented boll rot entirely 
in uninjured, immature fruit. The shape and size of the 
bract seemed to significantly affect the incidence of boll 
rot, with the smaller frego bract cottons experiencing less 
boll rot than normal bract cottons (30,31,57). Complete 
removal of the bract in several experiments significantly 
reduced boll rot (41,42,43), suggesting that modification 
of the bract may increase boll rot resistance.
Bracts, along with stems, leaves, burs, and weeds, are 
part of the non-lint content of machine-harvested seedcotton. 
In 1966, Corley (11) found that bracts comprised 12 percent 
of the trash in machine-harvest ^  cotton and an average of 
40 percent of the fine trash content was composed of bracts. 
In support of Corley's work, Morey et al. (46) found an 
average of 43 percent of the visible Shirley Analyzer wastes 
in raw cottons were bracts. The non-lint or trash, if not
removed at the gin, must be cleaned at the textile mill.
This cleaning process pulverizes a portion of the trash which 
is then emitted into the air as microscopic dust. This dust 
causes a lung disorder, byssinosis, in susceptible mill 
workers (8 )., Ayer (5) suggested the bract contained the 
active chemical agent in cotton dust involved in byssinosis. 
Hitchcock et al. (22) found that bracts contained a steam- 
volatile component- which released histamine from chopped 
human autopsy lungs. It was thought that the histamine- 
releasing agent was the active material causing byssinosis. 
Thus, bracts are implicated in byssinosis; although at pre­
sent, there is no published evidence that bracts are 
micronized into respirable cotton dust (46).
Theoretically, a reduction in bract size would reduce 
bract trash content in machine-harvested cotton, thus 
reducing microscopic dust and, thereby, decreasing the 
incidence of byssinosis. Experiments (47) have shown differ­
ences in trash content between cotton varieties due, in part, 
to anatomical makeup of the bract and pedicel; size was 
not considered. Corley (11) concluded that the high 
percentage of bract in fine trash suggests that breeding of 
bractless cotton should result in higher quality cotton.
Commercial varieties of cotton with no bracts are not 
available at present, even though they are suggested as a 
breeding objective (41,53). Muramoto (48) reported a 
caducous bract condition (bracts fall off before bolls open)
in a hexaploid cotton involving the genomes of G. hirsutum 
L. and armourianum Kearn., but at present this trait has 
not been incorporated into a tetraploid cotton. The sus­
ceptibility of frego bract cottons to the cotton fleahopper 
(Pseudatomoscelis seriatus Reuter) and the tarnished plant 
bug (Lygus lineolaris P.de B.) has been confirmed by several 
researchers (7,12,31,39,55). This susceptibility has been 
a major obstacle to their commercial release (34). Thus 
an alternative is to reduce normal bract size.
Cotton varieties with no bracts or bracts of minimum 
size are not suggested by all researchers. Kearney (35) 
reported removal of bracts at anthesis of Pima cotton (G. 
barbadense L.) caused significant reductions in lint index, 
boll weight, seed weight, and boll size. Sheriff et aJ. (52) 
concluded that bracts apparently contribute to ovary develop­
ment before and after flowering, but they found genotypic 
differences in reduction of boll weight by removal of bracts. 
Patil and Mensinkai (51) stated that bracts in cotton appear 
to play a role in contributing towards dry matter production 
of bolls and concluded a cotton variety without bracts for 
the sake of reducing the incidence of boll rot (due to 
insect damage) and for clean picking is not a worthy breeding 
objective. But Elmore (14) reported that bracts are only 
28 percent as efficient as leaves in C02 uptake on an unit- 
weight basis and translocation to the fruit was much more 
rapid from the leaf than from the bracts. Ter-Avanesyan
and Senoedov (53) found a differential response of cotton 
cultivars to bract removal and inferred that production of 
cotton cultivars with bracts of minimum size may be of 
economic value. It is the opinion of the author that a 
cotton cultivar with minimum bract area would have advan­
tages which would likely outweigh any disadvantages listed.
In order to initiate a breeding program incorporating 
a particular trait, it is helpful to know the genetic makeup 
of that trait. The primary purpose of this research was to 
obtain information on the genetic basis of bract size. This 
information can be used to answer several questions 
regarding the practicality in breeding for reduced bract size.
REVIEW OF LITERATURE
A literature search revealed a limited number of genetic 
studies on bract characteristics. In a one year study,
Murray and Yin (49) examined bract differences of G. hirsutum 
and G. tomentosum Nutt ex Seem., two tetraploid species of 
cotton. The bract characteristics studied were length and 
width of the bract, length of the center tooth, length of two 
teeth on one side of the bract, and width of these three 
teeth at the point of attachment to the bract. Dominance was 
exhibited at loci controlling the inheritance of bract 
length and width in G. hirsutum. • The authors concluded that 
several pairs of genes were involved in each of the bract 
characteristics and that each of the bract characteristics 
was not controlled entirely by the same genetic systems.
They based their second conclusion on evidence that the 
characteristics did not exhibit the same degree or the same 
direction of dominance and that there appeared to be some 
recombination among the characteristics.
In a study of intervarietal diallel crosses of upland 
cotton, Al-Rawi (3) found significant differences in varia­
bility among the parents and the F^'s for bract ratio index. 
Bract ratio index was defined as the ratio of the length over 
the width'of the bract. Performance of the (Wr^-Vr^)
6
analysis indicated that bract ratio index met the assumptions 
of the diallel cross. Wr-̂  and Vr^ are the array covariance 
and variance for the F-̂  population, respectively. Estimates 
of dominance genetic variance for this trait were greater 
than the estimate of additive genetic variance and this was 
revealed in the narrow-sense heritability estimate (0.0955). 
There were more dominant alleles than recessive alleles in 
the parents for bract ratio index.
Milam, Jones, and Self (45) measured bract surface area 
of several commercial cultivars and advanced strains in 1973 
and 1974. There did not appear a significant genotype- 
environment interaction among the 19 genotypes tested. The 
upland cottons measured for bract surface area varied from 
39 to 131 percent of the area of 'Deltapine 16'. Other 
findings included evidence showing that leaf shape had no 
significant influence on bract size, frego bracts averaged 
43 percent less surface area than normal bracts, and smooth 
leaf cottons (Sm2 ) showed a significant reduction (8 per­
cent) in bract surface area compared to hairy (hirsute) 
cottons. Potential sources of small bract cottons were found 
in their survey.
In a later study Jones and Milam (32) reported on 
continued studies of bract surface area and other bract char­
acteristics. They examined four cultivars and 24 experimental 
strains for bract surface area, bract dry weight, teeth per 
bract, bract weight per unit area, and ratio of bract area
to lint weight per boll. A highly significant correlation 
coefficient of 0.98 between bract surface area of full-size 
bolls and flowers was determined and suggested that bract 
surface area determinations could be made equally as well in 
the flower or full-size boll stage. Twenty-six non-frego 
strains showed a correlation coefficient of 0.97 between 
bract weight and bract area. The authors acknowledged that 
it may be difficult to combine small bracts with adequate 
boll size after calculating a correlation coefficient of 0.64 
between bract area and lint weight per boll. However, four 
strains did show promise as sources of small bract cottons.
Heritability of bract surface area and bract flare were 
reported on two segregating populations (F3 and Fg) derived 
from a cross of a small bract parent and nectariless breeding 
line (9). For bract size, heritability estimates of 0.69 and
0.75 were calculated based on parent-offspring regression 
and correlation analysis. Both values were highly signifi­
cant, indicating that progress could be made in selection for 
a specific bract size. Also the relative close agreement of 
the two heritability estimates indicated a relatively small 
effect of any genotype-environment interaction on the pheno­
typic variability. An analysis of the ratio of bract size/ 
lint weight per boll disclosed that progress had not been 
made in the material in reducing bract trash potential below 
that of a commercial check. This study also revealed a highly
significant positive phenotypic correlation of 0.54 between 
bract size and boll weight; thus a reduction in bract size 
was associated with a reduction in boll weight. Coupled with 
previous results (32), this close association may present a 
major obstacle in reducing bract size if boll weight is to 
be maintained. Other results included a highly significant 
positive correlation between the ratio bract size/lint 
weight per boll and fiber strength, a significant negative 
correlation between the ratio bract size/lint weight per boll 
and fiber micronaire, and a highly significant negative 
correlation between the ratio bract size/lint weight per 
boll and lint percent.
Weaver (56) has shown transgressive segregation from a 
cross of 'Coker 201' and 'Dixie King nectariless' for the 
trait bract size/lint weight per boll. Selected strains 
were developed with less bract trash than the Coker 201 
parent, a cultivar with medium size bracts and bolls.
MATERIALS AND METHODS
Experimental Materials
The seven lines and cultivars selected for use as 
parents in this study were:
1. MoBW 51849
2. 'LSS1 (Pak) M71-010
3. NCJ-9 (B-5)23790-1796-1167-657
4. 4S-180 (Greece)-1766-1149-636
5. La. DSIS 12513-245-1667-1015
6 . Coker NF 73-809-060
7. La. 16ne-24-l-845-103-63-57.
MoBW 51849 was developed from a primitive high gossypol 
stock for Socorro Island by W. Sappenfield. It is a 1:1
composite of MoBW 73-718 and MoBW 73-549 (the first was
selfed six generations and.the latter was selfed seven 
generations), and it will be referred to as MoBW.
LSS (Pak) M71-010 is a cultivar developed in Pakistan; 
the original introduction was increased at Iguala, Mexico 
where it was selfed and seed sent to us by L.M. Verhalen, 
Oklahoma State University, as M71-010. It will be referred 
to as LSS(Pak).
NCJ-9 (B-5)23790-1796-1167-657 is a breeding line 
developed from a single plant (NCJ-9) tagged by J.E. Jones
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from Block 5 of the North Carolina Species Intercross Block 
in the summer of 1972; L.L. Phillips kindly harvested the 
plant and sent seed of it for further study. It was propa­
gated by self-fertilized seed of individual plants for four 
generations, and it will be referred to as NCJ-9.
4S-180 (Greece)-1766-1149-636 was developed by three 
generations of individual plant selections from '4S-180', an 
upland cultivar introduced from Greece. Self-fertilized 
seed of this introduction were obtained from L.M. Verhalen 
who increased seed of the cultivar at Iguala Mexico. It was 
selfed four generations after introduction, and it will be 
referred to as Greece.
La. DSIS 12513-245-1667-1015 was developed by the 
Louisiana Agriculture Experiment Station under the direction 
of J.E. Jones. La. DSIS 12513, an Fg strain, involved 
'Deltapine 15', Sea Island (G. barbadense), and ’Stoneville 
7A' in its parentage. It was further selfed four generations 
before use in this study, and it will be referred to as 
DSIS.
Coker NF 73-809-060 is a Louisiana plant selection from 
Coker NF 73-809, a nectariless breeding line developed by 
Coker Pedigreed Seed Company. It was selfed one generation 
before use as a parent, and it will be referred to as Coker 
NF.
La. 16ne-24-l-845-103-63-57 is a nectariless breeding 
line selected by J.E. Jones from DES 16ne-24, which was
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developed by W.R. Meredith from a backcross breeding program 
involving Deltapine 16 as the recurrent parent. It was 
selfed five generations in Louisiana before uso as a parent; 
it will be referred to as La. 16ne.
LSS(Pak), NCJ-9, and DSIS were previously measured for 
bract surface area and considered sources of the small bract 
characteristic in upland cotton (32,45). Parents and crosses 
among parents will be identified by the numbers and/or names 
given above and by the appropriate number or name 
comginations, respectively.
The parents used in this study were specifically chosen 
for their bract size, representing a wide range of bract 
sizes, but do not constitute a random sample of all upland 
cotton cultivars and breeding lines. Thus, inferences de­
rived from the data apply in the strict sense to the parents, 
crosses, and generations studied. Also, Hayman (20) stated 
that small diallel crosses (less than 10 parents) are only 
of practical use when the parents and resulting progeny 
constitute the entire population under study.
Figure 1 shows typical bracts obtained from the parents. 
Parental bracts are identified by their respective numbers.
Experimental Methods
Experimental Design
Diallel crosses among parents, bulking reciprocal full 
sibs, were made at the Perkins Road Agronomy Farm in Baton
13
Fig. 1. Typical bracts obtained from the parents.
1 4
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Rouge, Louisiana in the summers of 1977 and 1978 and in the 
greenhouse during the winter of 1978 and at Iguala Mexico 
during the winter of 1977. The experiments were conducted 
at the Perkins Road Agronomy Farm in Baton Rouge and at the 
Dean Lee Agriculture Center in Alexandria, Louisiana in 1978 
and 1979 and included the seven parents, their 21 F^'s, and 
their 21 F2 *s. Baton Rouge is not within the commercial 
cotton growing area of Louisiana but does constitute a sec­
ond location which was necessary to avoid confounding any 
genetic source of variation with location. The soil types 
at Alexandria and Baton Rouge are Norwood silt loam (Typic 
Udifluvents) and Olivier silt loam (Aquic Fragiudalf), 
respectively. Planting dates at Alexandria were May 15, 1978 
and May 9, 1979. Planting dates at Baton Rouge were May 17, 
1978 and May 18, 1979.
Each entry was included once in each replication to 
avoid differences in environmental variance estimates. The 
experiments were conducted in a randomized, complete block 
design with four replications at each location with the 
exception of Baton Rouge in 1978 where data were only obtained 
from three replications. Plots in 1978 were single rows 5.49 
m long and 1.02 m apart. In 1979 at Alexandria, the plots 
were again single rows 5.49 m long and 1.02 m apart, while at 
Baton Rouge, the plots were single rows 5.03 m long and 1.02 
m apart. Twenty-four hills, spaced approximately 0.46 m 
apart with two plants per hill, were planted in each plot.
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Adjustments and weighted averages were made for plots con­
taining less than 24 plants. La. 13212 Rs was planted in 
skips as soon as they were detected to compensate for 
differential spacing between plants caused by missing hills. 
The plots were bordered on each end by a 1.83 m plot of La.
13212 Rs except at Baton Rouge in 1979 which had 1.53 m plots 
sof La. 13212 R . Alleys were cut prior to machine harvest 
of seedcotton. A minimum of one border row was planted on 
each side of the experiments at both locations.
Cultural practices regarding fertilization, cultivation, 
and pest control normally used for cotton production were 
performed at both locations.
Data Collection
Twenty-four bracts per plot were collected and the
psurface area measured in cm on a Hayashi Denko Area Meter, 
Model AAM-5. One bract per plant was removed from the first, 
second, or third full size (3 weeks or older) boll on a fruit­
ing branch in the middle of the plant. Preliminary studies 
with 'Deltapine 61' had revealed the coefficient of variation 
for bract area measurements did not decrease substantially 
with more than 20 bracts per plot in the non-segregating 
population.
A 24-boll sample was collected from each plot to 
determine boll and fiber properties which included the 
following:
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1. Fiber Length (2.5% Span)- The length in inches at
which 2.5% of the fibers are of that length or
longer as measured on the digital fibrograph. This 
length measurement closely approximates staple 
length as determined by cotton classers.
2. Fiber Length (50% Span)- The length in inches at
which 50% of the fibers are of that length or
longer as measured on the digital fibrograph.
3. Fiber Length Uniformity Ratio (U.R.)- The ratio of 
50% to 2.5% span length expressed as a percentage.
4. Fiber
fibers as measured on the Pressley strength tester
v
with two jaws (separated by a 1/8 inch spacer) 
holding the fiber bundle and expressed in grams per 
tex.
5. Fiber Fineness (Micronaire)- The fineness as measured 
on the micronaire (an air-flow instrument) and ex­
pressed in standard micronaire units.
6. Lint Percent- The ratio of lint to seedcotton 
expressed as a percentage.
7. Boll Weight- Weight of an individual boll of seed­
cotton and measured in grams.
8. Lint Weight Per Boll- Lint weight of an individual 
boll and measured in grams.
Fiber properties were determined at the Louisiana State
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University Cotton Fiber Testing Laboratory by trained tech­
nicians under controlled environmental conditions and were 
determined in accordance with techniques and procedures set 
forth by the American Society for Testing and Materials (4).
Plots were machine harvested with a spindle picker to 
determine yield. Plots at Alexandria were harvested 
December 11, 1978 and November 14, 1979. Plots at Baton 
Rouge were harvested twice each season and were made October 
13 and November 9 in 1978 and October 15 and November 12 in 
1979. Earliness at Baton Rouge was calculated from the first 
harvest as a percentage of the total harvest.
Statistical Procedures
Only two traits were subjected to statistical analyses, 
bract surface area and the ratio of bract size/lint weight 
per boll.
Heterosis, inbreeding depression, and Fg deviations were 
calculated as follows:
Heterosis = (F^-Midparent)/Midparent,
Inbreeding depression = (F^-F2)/Fi , and 
F2 deviations = (F2-£(F;i+Midparent)/(£ HF^+Midparent). 
Heterosis is expressed as a percent increase or decrease 
of the F^ from the mean of its parents. Inbreeding depression 
is expressed as a percent change of the F2 from the F^ gener­
ation. F2 deviations are calculated as the percentage 
decrease or increase of mean F2 performance from the mean of
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the F-̂  and midparent performance. Statistical significance 
from zero was determined using a Student's t-test.
The diallel analysis (Jinks and Hayman, 16,17,18,19,20, 
21,27,28) was based on several assumptions in order for the 
analysis to be valid. These assumptions are as follows:
1. Diploid segregation,
2. No difference between reciprocal crosses,
3. Independent action of non-allelic genes (no 
epistasis),
4. No multiple allelism,
5. Homozygous parents,
6. Genes independently distributed between the parents.
G. hirsutum, an amphidiploid, segregates in a diploid
manner (37) thus satisfying the first assumption. The second 
assumption is considered valid for most characteristics of 
G. hirsutum, but White and Kohel (58) did discover reciprocal 
differences with days to anthesis, boll weight, lint percent, 
and earliness. This assumption was not tested in the present 
study.
The third, fourth, and sixth assumptions of no epistasis, 
no multiple allelism, and independent gene distribution were 
first subjected to three general tests. An analysis of 
variance of (Wr-Vr) values for each character was performed 
for the first test. Wr is the covariance of members of the 
rth array with their non-recurrent parents. The rth array 
consists of the rth parent and all crosses involving that
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parent in the upper half of the diallel table. Vr is the 
variance of members of the r^*1 array. An analysis of the 
(Wr,Wr') regression was performed for the second test. W r 1 
is tbe covariance of members of the r^*1 array with the array 
means. A third test consisted of an analysis of (Vr,Wr) 
regression.
In the first test, the assumptions are met if the quan­
tity (Wr-Vr) is constant over arrays (19). A significant 
array source of variation indicates that one or more of the 
assumptions are not valid for that particular trait.
In the second test, the (Wr, Wr') regression coefficient 
for each trait is expected to equal 0.5 if the assumptions 
are valid (2). Thus, the (Wr,Wr') regression coefficient is 
expected to be significantly different from zero but not 
significantly different from 0.5. Ninety-five percent confi­
dence limits about the regression coefficients were 
calculated to determine significance.
In the third test, the (Vr,Wr) regression coefficient 
for each trait is expected to equal 1.0 if all assumptions 
hold true (28), i.e., the regression of Wr on Vr over all 
arrays is expected to be a straight line of unit slope.
Thus, the (Vr,Wr) regression coefficient is expected to be 
significantly different from zero but not from 1.0; ninety- 
five percent confidence limits about the regression 
coefficients were calculated to determine significance.
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If the assumptions were not met with any of the three 
general tests, specific tests were then performed.
The third assumption of no epistasis was tested by 
chi-square. A 2L2-L1 diallel table (18) was constructed 
from the F2 and diallel tables to obtain epistasis chi- 
square values and calculating the statistics Voio> W()10X> 
Voix> and nVllx. Chi-square values were calculated for 
each replication from these statistics by the following 
formula:
X2=K2((n-l)(Vllx) + n(P-X)2/(1+K) + (n-1)(V010-4W010X + 
4V0ix)/(2+K)) where K and K2 are constants calculated from 
E0 , E]_, and E2 (environmental variance estimates associated 
with Fq , F-p F2 ), K= (hEq )/(8E2+2E^-Eq), K2=n(8E2+2E^),
P= mean of parents and X= mean of all cells in the 2L2-L1 
table. var Pr (variance of parents r), Wq i oX= co v
(Pr ,Xr ) covariance of parents and means of the arrays, 
V01X=var xr (variance of means of the arrays), V2iX= variance 
of array. The chi-square values were then tested for 
significance with Jn(n-l) degrees of freedom, where n=number 
of parents.
An analysis of variance of (Wr1-2Wr2 ) values was 
performed to detect multiple allelism in each trait (18).
Wr-L and Wr2 are covariances of members of the rth array with 
their non-recurrent parents for the F^ and F2 generations, 
respectively.
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The sixth assumption of independent gene distribution 
was not tested and was considered valid only if the data 
did not deviate from expectations of the three general tests 
of the assumptions. Kuehl et a1. (38) stated that this 
assumption cannot be met if there are more loci than parents 
so this assumption is generally not fulfilled.
The consequences of gene correlation are manifold; its 
influence in the is similar to the influence of linkage 
in segregating generations (19). With association type of 
gene correlation (genes of like effect together in excess in 
the parents) maximum values of Hr^(array values of H-̂ ), 
discussed later in this section,are indicative of completely 
dominant or completely recessive parents while minimum Hr-̂  
values are indicative of parents containing both dominant and 
recessive alleles. With the dispersion type of gene correla­
tion (genes in opposition in excess) the situation is 
reversed. Both types affect the (Vr , Wr ) graph, but such 
classic cases of gene correlation are not always found. Gene 
correlation normally decreases the estimate of gene number 
involved in the trait. If each parent carries a dispersion 
type of gene correlation estimates of additive gene effects 
would be equal to or approaching zero. Estimates of the mean 
degree of dominance are biased either upward or downward by 
gene correlation; partial dominance may be turned into 
overdominance estimates by the combination of dispersion 
correlation and unidirectional dominance.
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Linkage was tested in the Fg generation by an analysis 
of array variances (19). Array variances should be constant 
in the absence of linkage. Although this test is not con­
clusive if linkage is not detected, linkage is real if array 
variances are not constant.
The fifth assumption, homozygous parents, was not 
fulfilled in the strictest sense; the coefficient of inbreed­
ing was less than 1.0 for all parents. Kempthorne (36) did 
not regard this assumption as essential, but only necessary 
that all parents have the same coefficient of inbreeding. 
Again, according to Kempthorne's stipulations, the parents 
used in this study did not fulfill this assumption since the 
parental breeding lines were subjected to varying generations 
of selfing. Since cotton is essentially a self-pollinated 
plant, it was assumed the introductions from Greece and 
Pakistan were relatively homozygous. Even after many 
generations of selfing some loci may remain heterozygous.
In order to completely comply with this assumption as stated 
by Hayman (16) one would need to use double haploids as 
parents; therefore, the assumption of homozygous parents is 
not fulfilled in the strictest sense. (Vr, Wr) graphs were 
examined for parental heterozygosity (16) as the only test 
of this assumption. When regression of Vr or Wr is not sig­
nificantly different from 1.0, the (Vr, Wr) graphs can be 
examined for residual heterozygosity in the parents. 
Heterozygous parents will have points above the expected line.
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Residual heterozygosity will cause the mean degree of 
dominance to be underestimated, the gene distribution to 
appear to be asymmetrical, and the estimate of the relative 
proportion of dominant versus recessive alleles to be biased 
in the direction of dominant alleles.
A seventh assumption, although not mentioned in Hayman's 
original paper (16), is the absence of any genotype-environ- 
ment interactions. This assumption was tested using 
procedures outlined by Allard (1). Allard's test for 
genotype-environment interaction of additive components of 
variation is essentially a genotype-environment analysis of 
parental means in each replication combined over all locations 
and years. The genotype-environment interaction of 
dominance components of variation were tested by an analysis 
of variance of Wr and Vr from the upper half of the diallel 
table. Wr and Vr are adjusted in each replication by division 
of the parent variance estimate (Vq 1q ) in that replication. 
This adjustment minimizes any genotype-environment 
interaction of the additive components of variation in order 
to calculate, with greater precision, interactions of 
dominance effects with environment. The formulae for calcu­
lating variances (Vr) and covariances (Wr) of each array are 
as follows:
Vr=variance of rth array=((array values)2-(Array Sum)2/
n)/(n-l),
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Wr=covariance of rth array with non-recurrent parents= 
((array value-^)(parent^ value)+(array value2)(parentg 
value)+...-((Array Sum)(Diagonal Sum))/n)/(n-l).
• The statistics necessary for the analysis were derived 
from variances and covariances between various values in the 
two tables (Table 1) (18). Using Hayman's (16) notations 
they are as follows:
Variance of parents (Vq ^q ).
Covariance between parents and their offspring in the 
rth array (W0ioi) or (Woi02),
Variance of r^h array (Vjn) or (V212),
Variance of array means (Vq ;q ) or (Voi2)*
The corrected statistics were used to supply the least 
squares solution for the genetic components D, F, H-p and 
H2 . These are in the form for the F^ generation:
D= VoiO - E0 ,
F= 2D - 4W0ioi + 4E0/n ,
H =4V11]L - D + F - 4E0/n - 4(N-l)E1/n,
H2= D + Hx - F - 4V011 + 4E0/n2 + 4(n-2)E1/n2 .
For the F2 generation, mean estimators become:
F= 4D - 8Woj02 + 8Eo/n »
H1=16V212 - 4D + 2F - 16E0/n - 16(n-l)E2/n2 ,
H2= 4D - 2F + %  - 16V012 + 16EQ/n + 16(n-2)E2/n.
D- estimate of additive gene effects,
F= indicator of relative frequency of dominant
versus recessive alleles in the parents for the trait,
Table 1. Expectation in terms of genetical and environmental components.
Generation Statistic Abbreviation iVieaning Genetic expectation Environmental expec
jj F hi h2 ^0 ^1 ^2
Parent v010 var pr 1 1
w0101 vilri cov(ps ,fs) L*■» 1“ 4 1/n
% Vlll Vri var fs 4 1“ 4 3 '4 1/n (n-1)
v011 var fs 4 3 3.4  “ 4 l/n2 (n-2)n£
w0102 Wr2 covCps ,^s) 32 -1/6 1/n
L2 V112
V012












ps= sth parent; f3= Fj_' s of the s *̂1 parent; gs= F2 's of the s'kh parent.
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11̂ = estimate of dominance gene effects,
H2= estimate of dominance gene effects corrected for 
gene distribution.
• Tests for significance among parameter estimates were 
made using standard errors over replications. D may include 
a portion of the additive by additive epistatic effects 
while H-̂  and Hg may include a portion of the additive by 
additive effects not included in D in addition to additive 
by dominance and dominance by dominance epistatic effects.
D, H^, and are, by definition, expected to be positive 
although negative values are possible due to the nature of 
the formulae involved. As an indicator of the relative 
frequency of the dominant alleles versus the frequency of 
recessive alleles among the parents F may take sign; a 
positive F value indicates a predominance of dominant alleles 
among the parents while a negative F value indicates a pre­
dominance of recessive alleles mong the parents for the trait 
in question. If dominance effects are not exhibited by any 
genes or if the dominant and recessive alleles of each gene 
are in equal proportion among parents, then F is near or 
equal to zero.
Estimators and ratios were calculated in each replication 
using the above genetic parameters to provide information 
about the genetic systems operating for each trait. Year 
by location combination means over replications and standard 
errors of those means, used for setting confidence limits,
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were calculated for each estimate. Those estimators and 
ratios were:
Dominance 1= H^/D and i(H^/D) for F^ and Fg generations, 
respectively.
Dominance 2=(Dominance 1)^.
Dominance 3= (V ^ j - E i )/(W0ioi“El/n ) and ^V212~E2^/
(Woio2”E2/n  ̂ for tlie E1 and e2 generations, respectively,
K= (F1-P)2/(£Hg) and (F2-P)^/£(£H2 ) are estimators of the 
number of groups of closely linked genes, or, at the 
lower limit, a single gene in the F-̂  and F2 , respec­
tively, which control the trait and exhibit dominance 
to some degree (44).
H2/4Hi= u v or p q, is an estimator of the average
frequency of negative versus positive alleles at loci 
exhibiting dominance in the parents and has a maximum 
value of 0.25 (16).
(£D)/(£D+£H^-£F+E^)= heritability in the F^ (13).
(£D)/(£D+H]y 16-F/8+E2)= heritability in the F2 (54).
(F^-P) and (F2~P)= estimates of the direction of domin­
ance over all corsses for the F-̂  and Fg generations, 
respectively.
(Wr^+Vr^) and (Wr2+Vr2 )= estimators of the order of 
dominance of the parents using F-̂  and F2 data, 
respectively.
(Wr+Vr) correlations with parental means= estimates of 
the direction of dominance; this estimate is obtained
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by computing a linear correlation coefficient between 
the mean values of (Wr+Vr) of each array averaged 
over blocks; a high correlation indicates that most 
dominant alleles act in one direction and most 
recessive alleles act in the opposite, direction (16). 
Dominance 1 and 2 are weighted overall measures of average 
degree of dominance at each locus. Dominance 3 is a third 
estimate of average degree of dominance. Estimates of zero 
indicate no dominance; estimates between zero and one indi­
cate partial dominance; estimates of one indicate complete 
dominance; and estimates greater than one indicate 
overdominance.
Both genotypic and phenotypic correlations were calcula­
ted between bract surface area and the ratio of bract size/ 
lint weight per boll with all variables studied in the 
and Fg generations. Genotypic and phenotypic correlations 
were calculated using the formulae as described by Griffing 
(15). Genotypic correlation coefficients were calculated 
using the formula as follows:
rglg2 = Cov1.2/ i/(MSgl) (MSg2 ).
Covi.2 is the genetic covariance between two traits and is 
calculated from the formula MCP /r where MCP is the meanD D
cross product for the genotype source of variation and r is 
the number of replications. MS and MS are the mean 
squares for the genotype source of variation from the
analysis of variation for trait one and trait two, 
respectively.
Phenotypic correlation coefficients were calculated 
usin-g the following formula:
are mean squares for the phenotype source of variation 
from the analysis of variation for traits one and two, 
respectively.
Listed below are the expected mean squares or expected 
mean cross products from the anlaysis of variance and 
analysis of covariance tables from which the genotypic and 
phenotypic correlation coefficients were calculated:
Source df EMS or EMCP
The following is a diagrammatic representation of the 
genotypic and phenotypic correlations of two traits;
PlP2 P V Pl'v P2 *
MCPp is the mean cross product for the phenotype source of 







2 2 oEMCP = cc +rcr and EMCPa=ra£ from analysis of covariance, r e y y y
2 2 2EMS = a +ro and EMS_ =ro from analysis of variance, y b y
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where El= environment associated with trait one, Gl= genetic 
makeup of loci effecting trait one, el= environmental 
influence on trait one, hl= genetic influence on trait one, 
Pl= phenotype of trait one, G2= genetic makeup of loci 
effecting trait two, E2- environment associated with trait 
two, h2= genetic influence on trait two, e2= environmental 
influence on trait two, P2= phenotype of trait 2, rg1g2= 
genotypic correlation between two traits, and rp-Lp2= 
phenotypic correlation between two traits.
Unless otherwise noted, the terms 'significant' and 
'highly significant' refers to significance at the 0.05 and 
0.01 statistical levels of probability, respectively. Also 
'*' and '**' signifies significance at the 0.5 and 0.01 
statistical levels of probability, respectively. The terms 
'generation' and ’population' will be used interchangeably. 
All effects were assumed fixed; therefore, the residual 
error mean square was used to test all genotype and genotype- 
environment effects in the analysis of variance tables.
RESULTS AND DISCUSSION 
Bract Surface Area
Means and Analyses of Variance
Table 2 reveals highly significant differences among 
the parents over years and locations for bract surface area; 
thus we can conduct a detailed analysis of gene action in­
volved for this trait. The nonsignificance of environments 
by parents interactions (Table 2) and the consistent signi­
ficance of the parent source of variation (Table 3) indicated 
that the parents maintain their relative ranking with respect 
to bract surface area and it is appropriate to perform 
genetic analyses by year-location.
Analyses of F and F generations again revealed highlyJL ^
significant differences among entries for bract surface area 
over years and locations (Tables 4 and 5). The analyses 
revealed nonsignificant genotype-environment interactions 
for both generations. Bracts collected at Alexandria were 
larger than those collected at Baton Rouge (Figures 2 and 3). 
In both years the cotton at Alexandria grew extremely tall 
and did not put on a large number of bolls at the lower 
nodes. Consequently, bracts were collected at a higher node
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Table 2. Combined analysis of bract surface area for the 
parents.
Source df Wean Squares F
Years 1 1 .4502 3 . 2 0
Locations 1 9-5759 2 1 .12**
Year X Location 1 0 .0 8 9 8 0 . 2 0
Rep(Years X Locations) 11 0.4533 1.97*
Parents 6 2 8 .573^ 124.18**
Years X Parents 6 0.2778 1 .2 1
Locations X Parents 6 0.4207 1 . 8 3
Years X Locations X Parents 6 0.2513 1 .09
Error 66 0 .2 3 0 1
*, ** Significant at the 0.05 and 0.01 levels of probability
respectively.
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197& 1979 1976 1979
Hep 3 0.0756 1.0727 0.0700 0.^576
Parent 6 7.1181** 9.6515** 4 .9254** c.37fcl**
Brror Id 0.1737 O.30OO 0 .162b O.lblO
** Significant at the 0.01 level of probability.
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Table 4. Combined analysis of bract surface area for the F  ̂
generation.
Source df faean Squares F
Years 1 4.7912 1.81
Locations 1 52.6432 19-97**
Year X Location 1 1.U73 0.42
Hep(Year X Location) 11 2.6467 10.37**
Entries 20 10.6642 42.57**
Years X Entries 20 0.3640 1.43
Locations X Entries 20 0.4174 1.64
Years X Locations X Entries 20 O.38IO 1.49
Error 220 0.2552
*, ** Significant at the 0.05 and 0.01 levels of probability
respectively.
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Table 5. Combined analysis of bract surface area for the F2 
generation.
Source df Mean Squares F
Years 1 0 . 0 1 0 5 0 .0 1
Locations 1 54.4869 15.33**
Years X Locations 1 1 .9147 0.54
Rep(Years X Locations) 11 3.5552 10.75**
Entries 20 IO . 2 6 3 7 31.05**
Years X Entries 20 0.3984 1 . 2 1
Locations X Entries 20 0 . 3 7 0 8 1 . 1 2
Years X Locations X Entries 20 0 . 3 1 3 9 0.95
Error 220 0 . 3 3 0 6



























































Fig. 3. Bract surface area means for the F2 population at 
each year-location.
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at Alexandria than those collected at Baton Rouge, which 
may explain such a dramatic difference in the mean bract 
surface area for two generations at two locations.
Data suggest some correlation between parental perform­
ance and means of their F and Fg arrays (Table 6); however, 
the Fg progeny means were generally smaller or equal to the 
F^ progeny means.
Heterosis and Inbreeding Depression
The F-̂  and Fg means were higher than the midparent (MP), 
except for the F2 mean in 1979 at Baton Rouge, which equaled 
the midparent mean (Table 7). As previously observed, the 
Fg means were either equal to or less than the F^ means. The 
range of variability among parents were expressed as the ratio 
of the highest parent (HP) to the lowest parent (LP). The 
ratio varied around 2.0 indicating considerable variability 
among parents for bract surface area. All heterosis estimates 
were nonsignificant. The absolute values of heterosis tended 
to be larger at Alexandria where bract surface area measure­
ments tended to be larger.
No cross had a significant amount of heterosis (Table 
8). Heterosis was calculated across environments which may 
have masked any significant heterosis at any one particular 
environment, since there had been detected a significant 
genotype-environment interaction of the dominance components 
of variation (discussed later).
2Table 6. Parental means and their mean performance for bract surface area (cm ).
Parent
Alexandria Baton Rouge
1978 1979 1978 1979
V C
+












1 MoBW 4.4 6.1 6.4 4.4 6.1 5-9 4.0 5.4 5-2 3.7 5-7 5.2
2 LSS(Pak) 6.5 7.1 6.9 6.5 6.7 6.7 5-7 5-9 5.9 5.5 6.3 6.1
3 NCJ-9 5.8 6.7 6.7 5-9 7.1 6.7 5-7 5-8 5.9 6.1 6.1 6.2
4 Greece 7.1 7.2 7.3 7.2 7.5 7.1 5-9 6.3 6.0 6.6 6.4 6.2
5 DSIS 7.2 7.4 7.0 7.0 7.7 7.2 6.1 6.2 6.1 6.6 6.8 6.4
6 Coker NF 7.1 7.4 7.4 7.6 7.6 7.3 6.5 6.5 6.2 7.3 7.1 6.7
7 La. 16ne 8.7 8.0 7.9 9.5 8.0 7.8 8 . 3 7.0 7.0 8.4 7.4 7.1
tPj= Parental means! cr F^ or F2 mean over all crosses involving the ^th parent. J
Table 7 . Average performance of parental, F.̂ , and F2 generations and mean 











Alexandria 1978 6.7 7.1 7.1 1 . 9 8 5-7 0.3 2.4
tl 1979 6.9 7.2 7.0 2 . 1 6 5.5 3-3 -1.2
Baton Kouge 1978 6.0 6.2 6.1 2.08 2.6 1.5 -0.6
I 1979 6 . 3 6.5 6 . 3 2.27 3.7 4.0** -2.4*
*, ** Significantly different from zero at the 0.05 and 0.01 levels of 
probability, respectively.
+ MP= Midparent; hP= High parent; LP= Low parent.
Table 8. Midparent and F^ bract surface area values and the mean heterosis for 
each cross.______________________________________________________________________
Alexandria Baton Rouge
1978 1979 1978 1979
Cross MP Fi MP F1 MP F1 MP F1 Heteroj
MoBW x LSS(Pak) 5.^ 6.0 5-5 5.3 4.8 4.9 4.6 5.2 5*6
" X NCJ-9 5.1 5*4 5.2 5.6 4.8 5.0 4.9 5.0 4.8
X Greece 5-8 6.0 5.8 6.7 5.0 5.4 5.2 5.4 8.1
X DSIS 5.8 5.8 5.7 5.8 5.0 5-1 5-2 5-7 5.9
X Coker NF 5.8 6.2 6.0 6.6 5.2 5.8 5-5 6.3 12.2
X La. 16ne 6.5 7.1 7-0 6.4 6.1 6.2 6.1 6.7 3-0
LSS(Pak) x NCJ-9 6.1 6.3 6.2 5-9 5-7 5.6 5.8 5*6 -1.9
•l x Greece 6.8 7.1 6.9 6.3 5-8 6.1 6.1 6.1 0.6
•i x DSIS 6.8 7.6 6.8 7.6 5-9 6.0 6.1 6.4 7.6
•l x Coker NF 6.8 7-5 7.1 7.4 6.1 6.1 6.4 7.0 6.7
«• x La. I6ne 7.6 8.4 8.0 7.7 7.0 6.8 7.0 7.3 2.2
NCJ-9 x Greece 6.5 7.1 6.6 7.8 5.8 6.0 6.4 6.1 6.7
tl x DSIS 6.8 6.7 6.5 7-7 5.9 5-5 6.4 6.1 1.6
«• x Coker NF 6.5 6.9 6.8 7.1iCoiitinufcu j
6.1 5-7 6.7 6.6 1.0
Table 8 Continued.
Alexandria Baton Rouge
197a 1979 197b 1979 .Cross_____________________ MP F^ MP ______ MP F1 MP F^ Heterosis
NCJ-9 x La. I6ne 7.2
■ 1 X1
7.6 7.7 8.5 7.0 6.9 7-3 7.2 3.1
Greece x DSIS 7.2 7.6 7.1 8 . 3 6.0 6.6 6.6 6.8 9.2
x Coker NF 7.1 7.4 7 A 7.7 6.2 6.9 7-0 6.9 ^.7
" x La. l6ne 7.9 8.3 8.JJ- 8.1 7.1 6.9 7.5 7.3 -1.1
DSIS x Coker NF 7-2 7.9 7.3 8.0 6 . 3 6.6 7.0 7.7 9-0
" x La. lone b • 7 b .5 8.3 8.6 7.2 7.6 7.5 7.9 3-1
Coker NF x La. I6ne 7.9 8.1 8.6 8.7 7.4 7.7 7-9 7.9 2.5
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Notable amounts of heterosis were exhibited in the 
crosses involving MoBW X Coker NF, Greece X DSIS, and DSIS 
X Coker NF. Two crosses, LSS (Pak) X NCJ-9 and Greece X 
La. 16ne , had small estimates of heterosis in the negative 
direction.
Only one estimate of inbreeding depression was signifi­
cant, Baton Rouge-1979 (Table 7). The estimate of inbreeding 
depression at that particular environment was larger than 
the estimate of heterosis, while all other estimates of 
inbreeding depression were smaller than their corresponding 
heterosis estimates. The deviations of Fg performance from 
the mean of midparent and F^ performance were, again, signi­
ficant only at Baton Rouge in 1979. Based on nonsignificant 
results in three environments, the data, as a whole, 
indicate that epistasis was not as important as additive 
effects for bract surface area.
The insignificant amounts of heterosis, and low levels 
of inbreeding depression and Fg deviations indicated that 
additive gene effects were probably the major contributing 
genetic influence on bract surface area.
Tests of the Assumptions
The first general test of the assumptions of no epista­
sis, no multiple allelism, and independent gene distribution 
was the analysis of the (Wr-Vr) values.
As expected the (Wr-Vr) values were constant over arrays
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for the F^ generation in all environments; but, in the Fg 
generation, the (Wr-Vr) values were not constant over arrays 
at Baton Rouge in 1979 which indicated that one or more 
assumptions was not valid (Table 9). Since the array source 
of variation in all other environments for both generations 
did not approach significance, it may be assumed that this 
was a chance deviation. If the latter assumption is valid, 
it can be concluded from this test that there was no epista- 
sis, no multiple allelism, and an insignificant amount of 
correlated gene distribution in this material for bract 
surface area.
Results of the second general test, an analysis of 
(Wr,Wr') regression coefficients and their 95% confidence 
limits, are shown in Table 10. The two generations only 
conformed consistently to one criteria of this test and 
that being significantly different from zero. The F^ popu­
lation did conform to both criteria of this test in two 
instances, Alexandria-1978 and Baton Rouge-1979, while the 
Fg population conformed in all instances except at Baton 
Rouge in 1978. The data sets which were significantly 
different from 0.5 did approach the expected value.
The third general test of assumptions is an analysis 
of the (Vr,Wr) regression coefficients. The F^ population 
conformed to both criteria of this test in all instances 
while the Fg population met the criteria in only two 
instances (Table 11). Although two F2 data sets were
Table 9* Analyses of variance of (Wr-Vr) values for bract surface area.
F^ Mean Squares F2 Mean Squares
Alexandria Baton Rouge Alexandria Baton Rouge
Source df 1978 1979 1978 1979 1978 1979 1978 1979
Rep . 3 .0247 . 0 1 5 8 .0 16 7 .0043 .0548 .3 0 9 1 * * .0 1 7 5 .0581
Array 6 .0096 .0148 .0101 .0033 .0221 .08bb .0179 .1065*
Srror 18 .0 08 3 .0334 .0081 .0042 .0242 .1214 .0116 .0337
*,** Significant at the 0.05 and 0.01 levels of probability, respectively.
Table 10. (Mr, Mr’) regression coefficients for bract surface area.
Population Location Year Coefficient 957° confidence limits
F1 Alexandria 1978 0.483 0.416 - 0.550
•• 1979 0.304 0.157 - 0.451
Baton Kouge 1978 0 .3 9 2 0.379 ~ 0.405
19 1979 0.483 O .3 8 5 - 0.581
F2 Alexandria 1978 0.447 0 . 3 3 4 - O.5 6O
•t 1979 0.422 0.342 - 0.502
Baton Rouge 1978 0.374 0.291 - 0.457
• 9 1979 0.371 0.188 - 0.55^
Table 11. (Vr, Wr) regression coefficients for bract surface area.
Population Location Year Coefficient 95% confidence limits
F1 Alexandria 1978 0.871 0 .6 2 8 - 1.114
• 1979 O.83I 0.441 - 1 .2 2 1
Baton Rouge 1978 0 .5 8 2 0.119 - 1.045
M 1979 0.917 0 .6 9 8 - 1 . 1 3 6
F2 Alexandria 1978 0.704 0.476 - 0.932
• 1979 0.752 0.471 - 1.033
Baton Rouge 1978 1.006 0.743 - 1.269
l» 1979 0.646 0.355 - 0.937
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significantly different from 1.0, they approached this 
criteria.
Hayman (16) stressed the importance of surveying 
(Vr/Wr) graphs because homogeneity of (Wr-Vr) may also be 
attained in certain cases of balanced failure. Complementary 
types of epistasis would cause certain points, particularly 
those fartherest removed from the origin, to fall well below 
the line of unit slope and cause the regression to be less 
than unity (2). Residual heterozygosity in the parents can 
also be detected in (Vr,Wr) graphs when regression equals 
1.0. Duplicate gene action and correlated gene distribution 
affect the (Vr,Wr) graph only slightly, thus making regres­
sion of Vr on Wr appear ambiguous (19).
Figures 4 through 11 are the (Vr,Wr) graphs for bract 
surface area where parental numbers represent replication 
averages of regression of Vr on Wr. Regressions in Figures 
4 through 7 and 9 and 10 met expectations, thus parental 
heterozygosity could be examined. Parent 3 (NCJ-9) fell 
above the expected line in two environments out of six which 
did not give strong evidence for heterozygosity. All other 
parents did not show evidence of heterozygosity in more than 
one environment. Figures 8 and 11 could be examined for 
parents with epistatic loci; no parent fell well below the 
line of unit slope consistently in the graphs indicating that 
there were not significant quantities of epistatic loci in 
any parent for bract surface area.
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(Wr) of bract surface area for the generation at Baton
Rouge in 1979.
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Fig. 10. Regression of array variance (Vr) on array covariance
(Wr) of bract surface area for the F2 generation at Alexandria
in 1979-
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Since all data sets did not consistently conform to all 
three general tests, specific tests were then performed.
The first specific test of assumptions was a chi-square 
analysis to detect epistasis. Only one chi-square value was 
significant at the 0.05 level of probability (replication 
four, Alexandria-1979), (Table 12); this may have been due 
to chance deviation. Heterogeneity chi-square was nonsigni­
ficant which indicated the data could be pooled. The pooled 
chi-square was also nonsignificant. Assuming chance devia­
tion for the one significant value, there was not a 
significant amount of epistasis among loci controlling bract 
surface area.
The second specific test was an analysis of (Wr^-BWrg) 
values to detect multiple allelism. The array source of 
variation did not approach significance in either location 
in either year, indicating a nonsignificant amount of 
multiple allelism involved in bract surface area (Table 13).
Independent gene distribution was not specifically 
tested and cannot be considered valid because of partial 
failure of the three general tests for several data sets.
Gene linkage was confirmed at Baton Rouge in 1978 
(Table 14). The nonsignificant values at all other environ­
ments did not rule out the possibility of an appreciable 
amount of linkage involved in bract surface area.
Even though the data suggested non-independent gene 
distribution may have been involved, insignificant amounts
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Table 12. Chi-square analysis for detecting epistasis in 
bract surface area.
Year Location Replication df X2




Baton Rouge 1 21 11 .1
2 21. 20.8
3 21 1 3 . 2
1979 Alexandria 1 21 11 .9
2 21 15.3
3 21 2 5 . 0
4 21 33*9*




Pooled 315 2 3 6 . 6
Heterogeneity ■ 294 219.5
* Significant at the 0.05 level of probability.
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Table 13. Analyses of variance of (Wri-W^) values for 




1978 1979 1978 1979
Kep 3 .096? 6.2257** .604-0 .064-9
Array 6 • 529b .4-187 .5273 .3177
Error 18 .2609 .984-4- .2528 .3679
** Significant at the 0.01 level of probability.
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Table 14. Analyses of Vr values in the F generation as a 
test for linkage for bract surface area.
Alexandria Baton .Kouge
Source df 1976 1979 1976 19 79
Hep 3 .IO63 1.3461** .036b • 0353
Array 6 .0669 .3310 .1331* .063 6
Brror 16 .0 765 .2525 .0317 .1142
* , ** Significant at the 0.05 and 0.01 levels of probability
respectively.
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of epistasis, multiple allelism, and linkage may have 
contributed to the partial failure of the three general 
tests in certain data sets.
• The seventh assumption of no genotype by environment 
interaction was tested for both additive and dominance 
components of variance. Table 2 gives the analysis of 
variance of the additive components of variation. This test 
is based on the assumption that heritable differences be­
tween homozygous parents, in the absence of epistasis, are 
the result of additive effects of the genes that control the 
trait. Thus, if the parent source of variation is significant, 
then the parents must have alleles with different additive 
effects. Highly significant differences among the parents 
occurred indicating some parents carried alleles with dif­
ferent additive effects. Nonsignificant interaction terms 
involving parents suggested that the additive effects were 
constant among environments, thus fulfilling the additive 
portion of this assumption.
The results of the test for genotype by environment 
interaction of the dominance components of variation are 
found in Table 15. The locations mean square was significant 
indicating that adjusting the data did not completely 
minimize all genotype-location interactions of the additive 
components of variation. Significance of dominance mean 
square suggested that the mean degree of dominance was 
either partial dominance or overdominance. The significance
Table 15. Genotype by environment analysis of the dominance components of 
variation for bract surface area.
Source df Mean Square F
Years 1 0.0034 0.10
Locations 1 0.1814 5 -21*
Years X Locations 1 0.0030 0,09
Kep(Years X Locations) 11 0.0348 1.52
Dominance 1 0.7022 3 0 .67**
Years X Dominance 1 0.0264 1.16
Locations X Dominance 1 0.0107 0.47
Years X Locations X Dominance 1 0.0156 0.68
Arrays 6 0.0506 2 .21*
Years X Arrays 6 0.0137 0.60
Locations X Arrays 6 O.O307 1.34
Dominance X Arrays 6 0.0093 0.41




Source df Mean Squares F
Years X Dominance X Arrays 6 O.OO38 0.16
Locations X Dominance X Arrays 6 0.0048 0.21
Years X Locations X Dominance X Arrays 6 0.0012 0.05
Error 143 0.0229
*, ** Significant at the 0.05 and 0.01 levels of probability, respectively.
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of arrays mean square indicated that there were differences 
in dominance among the parents. The significance of years 
by locations by arrays interaction suggested that dominance 
relationships among parents were not constant among environ­
ments. The insignificance of all interactions involving 
dominance provided additional evidence that epistasis was 
not a significant factor in the inheritance of bract surface 
area. The dominance portion of this assumption was therefore 
not fulfilled and was evident in estimates of dominance.
A more complex genetic system than the simple system 
described by Hayman (16) is theorized for traits that do not 
conform to the assumptions. He stated that even though a 
trait has not met all the assumptions, it is still possible 
to estimate population parameters and genetic components. 
However, such estimates would not be as reliable as if all 
assumptions had been met. Considering that the data appeared 
to show only minor violations of the assumptions, the author 
proceeded with the genetical analyses. Hayman (16) did 
suggest that parents that deviated from expected in the 
(Vr,Wr) graphs could be eliminated from the diallel table 
(along with their progeny) to form a sub-table conforming 
to expectations. However, no such parent or group of 
parents was detected in the (Vr,Wr) graphs.
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Estimates of Environmental and Genetic Parameters
The mean parameter estimates and their significance
levels for bract surface area are listed in Table 16. All
estimates of environmental variance (E , E , Eo) were0 1 ^
significantly different from zero. The average values for 
respective Fq , F-̂ , and Fg populations were 0.37, 0.40, and 
0.47. Since the environmental variance estimates for the Fg 
population is normally found to be intermediate between 
Fq and F^ populations, an inadequate number of bracts may 
have been collected from the segregating generation.
Estimates of the relative frequency of dominant versus 
recessive alleles in the parents (F) were positive and 
highly significantly different from zero in the F^ genera­
tion, suggesting a predominance of dominant alleles in the 
parents. However, in the Fg generation, one estimate was 
highly significantly different from zero in a negative 
manner, while all others were not significantly different 
from zero. The one highly significant negative estimate in 
the Fg generation suggested a predominance of recessive 
alleles in the parents for bract surface area while other 
estimates suggested an equal number of dominant and reces­
sive alleles in the parents or that no gene exhibited 
dominance for this trait. Interpretation of the data that 
follows suggests that there was a significant amount of 
dominance gene effects involved in this trait; therefore, 
the F2 interpretation that no gene exhibited dominance is
Table 16 . Mean parameter estimates of bract surface area.
Alexandria Baton Rouge Alexandria Baton Rouge
Parameter 1978 1979 1978 1979 1978 1979 1978 1979
Eo O.37* 0.37* 0 . 3  5* O.37* ---- ---- ---- ----
E1 O.37** 0.5^** 0 .314.** O.33** ---- --- --- ---
E2
--- --- --- --- 0.46** O.56** 0.42** 0.44**
D 1.53** 2 .38** 1.40** 1 .88** --- ---- --- ---
F 1 .26** 3.15** 1 .20** 2.19** -0.28 O . 3 6 -0.79** -0.25
1 .02** 3 .06** 0.64** 1 .83** -3 .9.I** 0.54 -3.31** -2 .85**
h 2 -O.58** 0 . 0 6 -0 .62** -O.33** 2 .30** 7.35** 2 .73** 2.44**
*, ** Significantly different from zero at the 0.05 and 0.01 levels of 
probability, respectively.
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invalid while the former interpretation of equal number of 
dominant and recessive alleles in the parents may be valid.
Residual heterozygosity in the parents will cause the 
proportion of dominant alleles to be overestimated (16).
This would be more important in the F^ generation since 
segregation is only taken into consideration in the Fg 
generation. Even though no parent with substantial amounts 
of heterozygous loci was detected in the (Vr,Wr) graphs, 
residual heterozygosity may exist in any number of the 
parents and not be detected.
One estimate of dominance gene effects (H^) in the F^ 
generation (Alexandria-1979) was greater than the estimate 
of additive gene effects (D),' while the absolute value of 
the other three estimates were smaller than the estimates of 
additive gene effects; thus additive.gene effects seemed to 
be more important than dominance gene effects. All H1 
estimates in the F^ generation were highly significantly 
different from zero, indicating that a significant amount of 
dominance gene effects was involved in bract surface area. 
H^estimates in the F2 generation were either not different 
from zero or highly significantly different from zero in the 
negative direction.
The second estimate of dominance gene effects corrected 
for gene distribution (H2 ) appeared either negative or equal 
to zero in the Fj generation. F2 estimates of were 
uniformly positive and highly significantly different from
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zero. These F2 estimates were consistently greater than 
estimates of additive gene effects (D) in every environment 
which, taken at face value, suggest that dominance gene 
effects are more important than additive gene effects in 
this material for bract surface area. However, Hg estimates 
in the Fg generation were greater than the H-̂  estimates in 
the F^ generation. Theoretically, should be greater or 
equal to Hg in the same generation (16) even though estimates 
in the Fg generation should be greater than comparable 
estimates in the F^ generation because the former is a 
segregating generation.
Conclusions regarding the relative importance of addi­
tive and dominance gene effects will be based on narrow-sense 
heritability estimates.
Investigations of Genetic Systems
Tables 17, 18, 19, and 20 list the mean estimator ratios 
and their 95% confidence limits of bract surface area for 
the F^ and Fg generations.
The estimates of the mean degree of dominance (Dominance 
1, 2, and 3) were generally in the partial dominance range 
although all estimates for the F^ generation at Alexandria 
in 1979 were in the overdominance range (Table 17). The F 
estimates at Baton Rouge in 1979 were not significantly 
different from one (Table 18). Of the 24 estimates of the 
mean degree of dominance four could not be calculated, three 
were in the overdominance range, while 14 were in the partial
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Table 1?. Mean estimator ratios of bract surface area for
the .F̂  generation at Alexandria.
Estimator Year Ratio 95$ Confidence Limits
Dominance 1 1978 0 .61 0.47 - 0.75
1979 1.15 1 . 0 0 - 1 . 3 0
Dominance 2 1978 0.75 0 . 6 6 - 0.84
1979 1 . 0 6 0.99 - 1.13
Dominance 3 1978 0.72 O . 59 - 0.84
1979 1 . 6 5 1 . 2 8 - 2 . 0 2
K 1978 -2 .0 1 (-6 .2 8 ) - 2 . 8 2
1979 -1.34 (-•4.19) - 1.51
h2AHj. 1978 -0 . 2 7 (-0.34) - (-0 .2 0 )
1979 -0 . 0 3 (-0 .0 6) - 0 . 0 0
Heritability 1978 0.55 0.54 - O . 56
1979 0 . 6 2 O . 5 5 - 0.69
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Table 18. Mean estimator ratios of bract surface area for
the generation at Baton Rouge.
Estimator Year Ratio 95# Confidence Limits
Dominance 1 197& 0.37 0.19 - O . 5 5
1979 0.9^ O . 8 5 - I . 0 3
Dominance 2 1978 0.49 0 . 3 2 - 0 . 6 6
1979 0.96 0 .9 1 - 1 . 0 1
Dominance 3 1978 O . 5 6 0.45 - 0.67
1979 0.95 0.83 - 1.07
K 1978 -0.35 (-0.99) - 0.29
1979 0.26 (-2.26) - 2.62
ri2A R i 1978 -7.47 (-12.08) - (-2.86)
1979 -0.06 (-0.08) - (-0.04)
Heritability 1978 O . 63 0.55 - 0 .71
1979 0.66 0.60 - 0 . 7 2
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Table 19• Mean estimator ratios of bract surface area of the
Fg generation at Alexandria.
Estimator Year Ratio 95°/o Confidence Limits
Dominance 1 1978 -0 . 6  7 (-0.77) - (-0.57)
1979 -0.06 (-0.29) - 0.17
Dominance 2 197e ----
1979 ---- ----
Dominance 3 1978 0 . 2 0 0 . 1 9 - 0 . 2 1
1979 0.47 O . 3 8 - O . 58
K 1978 1 . 0 3 (-0.69) - 2.75
1979 0 . 2 6 (-0.4-3) " 0.95
1978 -0.19 (-0 .2 7) - (-0 .1 1)
1979 0.89 0.60 - 0.98
Heritability 1978 0.71 0 . 6 6 - O . 76
1979 0.60 O . 55 - 0.65
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Table 20. Mean estimator ratios of bract surface area of the
F2 generation at Baton Rouge.
Estimator Year Ratio 95% Confidence Limits
Dominance 1 1978 -0.64 (-0.84) - (-0.44)
1979 -0.40 (-O.5 6) - (-0.24)
Dominance 2 1978 ----
1979 ----
Dominanoe 3 1978 0.29 0 . 2 2 - O . 3 6
1979 O . 32 0.26 - O . 36
K 1978 0.28 (-O.3 2) - 0 . 8 8
1979 -2 . 5 1 (-14.26) - 9.24
h2Ahi 1978 -0 . 2 0 (-0.28) - (-0 .1 2)
1979 -0 .2 1 (-9.87) - 9.45
Heritability 1978 0 . 6 6 0 . 5 2 - 0.80
1979 0.70 O . 6 3 - 0.77
74
dominance range. Except for four estimates that could 
not be calculated, all estimates were significantly 
different from zero. The over-all mean degree of dominance 
was estimated at 0.49; thus partial dominance was expressed 
at most loci where dominant alleles were found. These 
results agree with the interpretation of the analysis of the 
genotype-environment interaction of the dominance components 
of variation where significant dominance variation suggested 
either partial dominance or overdominance. Another method 
to verify the estimates of mean degree of dominance is to 
examine the Wr intercept on (Vr,Wr) graphs (13). The inter­
cepts for the F^ generation were 0.36, 0.46, 0.36, and 0.34 
(Fig. 4, 5, 6, 7); the intercepts for the Fg generation were 
0.42, 0.19, 0.35, and 0.54 (Fig. 8,9,10,11). The average 
intercept value was 0.38 which indicated partial dominance. 
Overdominance would cause the Wr intercept to be negative; 
complete dominance would cause the regression line to cross 
the Wr axis at zero; and there would be no regression if 
dominance was absent (13).
The number of effective factors (K) was defined by 
Mather (44) as the smallest unit of hereditary material 
that is capable of being recognized by the methods of biomet­
rical genetics. K will be underestimated unless dominance 
effects of all genes are equal in sign and magnitude and 
unless the distribution of genes is uncorrelated (27,44). 
Since the distribution of genes was already considered
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correlated, the estimates of K are suspected of being under­
estimated. All dominant genes were not equal in sign 
(discussed later); therefore the estimates obtained probably 
are not meaningful. Three estimates in the generation 
were negative but not significantly different from zero. The 
range of values included zero estimates and a value of 1.03 
for the Fg generation at Alexandria in 1978. There may be 
as many as 10 loci, where dominance is exhibited to some 
degree, involved in this material for bract surface area if 
one considers the confidence limits of the various estimates.
The estimator of average frequency of negative versus 
positive alleles at loci exhibiting dominance in the parents 
(Hg/4H.^) was highly variable. Parental heterozygosity has 
been noted to influence this estimate and may have been 
operating here. This estimate has a maximum value of 0.35 
when Ui=vj_=0.5 and a value between 0 and 0.25 when Uj^v^.
The F^ estimates ranged from a negative 7.47 to a negative 
0.03. It is not possible to determine whether the positive 
or negative alleles are in excess (16). The F£ estimates 
were either negative or unrealisticlly high. It may be 
concluded that the parents did not have an equal distribution 
of positive versus negative alleles, although the reliability 
of the estimates obtained may be questionable.
Narrow-sense heritability estimates were all significant­
ly different from zero and were similar in value to each 
other. The values ranged from 0.55 to 0.71 and averaged
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0.64. These estimates revealed that the major portion of
heritability for bract surface area was additive in nature.
Thus, additive gene effects were more important than dominance
gene- effects, although dominance gene effects contributed
significantly to the inheritance of bract surface area. The
conclusion previously drawn from examination of heterosis,
inbreeding depression, and F deviations agreed with the2
interpretation of the heritability estimates.
Direction and Order of Dominance
Two estimates were made for direction of dominance. The 
first was obtained from the quantities (F^-P) and (Fg-P) 
which are listed in the following table:
Table 21
Direction of Dominance as Estimated by (F-P) for Bract Size
Alexandria Baton Rouge
Generation 1978 1979 1978 1979
Fi .38 .36 .15 .21
F2 .38 .16 .05 .01
The data suggested that dominance, averaged over all crosses, 
was in the direction of larger bracts. It should be noted 
that about 3/4 of the crosses (Table 8) exhibited dominance 
in this direction. Since heterotic effects did not differ
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from zero, the values obtained in this table are essentially 
not different from zero; therefore, no conclusion on direct­
ion of dominance can be drawn.
• The second direction of dominance estimate was calculated 
from (Vr+Wr) correlations with parental means (Table 22).
A high correlation indicates that most dominant alleles act 
in one direction and most recessive alleles act in the 
opposite direction, while a small correlation indicates 
approximately equal proportions of dominant and recessive 
alleles operating in both directions (16). All correlation 
coefficients were highly significantly different from zero, 
positive, and in close agreement with each other, ranging 
from 0.87 to 0.95. The highly significant correlation co­
efficients suggest that the majority of the dominant alleles 
for bract surface area acted in one direction and the 
majority of recessive alleles acted in the opposite direction. 
Since parents with a large number of dominant alleles for 
this trait will have lower array variances and covariances 
than those parents with a large number of recessive alleles 
(13), the positive correlation coefficients would suggest 
that most dominant alleles are negative in direction, i.*®*, 
operating in the direction of smaller bract surface area.
This would hold true whether the mean degree of domiance 
is complete or partial as was detected.
Coupled with the conclusions drawn from estimates of 
relative frequency of dominant versus recessive alleles (F)
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Table 22. (Wr + Vr) correlations with parental means for 
bract surface area.
Generation Location Year r
pi Alexandria 1978 0 .90**
II 1979 0 .87**
Baton Rouge 1978 0 .95**
•I 1979 0 .88**
P2 Alexandria 1978 0 .93**
II 1979 0 .91**
Baton Rouge 1978 0 .93**
II 1979 O.94**
** Significantly different from zero at the 0.01 level of 
probability.
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in the F^ generation, one would have expected.heterosis in 
the negative direction. Significant heterosis was not found 
and the major portion of F1 ,s had values greater than their 
midparent. The apparent discrepancy may be explained on the 
basis of unequal magnitude of dominant alleles. Even though 
most dominant alleles condition smaller bract surface area, 
the minority of dominant alleles conditioning larger bract 
surface area may produce a more pronounced effect on this 
trait.
The quantity (Vr+Wr) was used to estimate the order of 
dominance of parents (Table 23). With respect to the objec­
tive of reducing bract surface area, a breeder should be 
interested in those parents with low performance (small 
bract surface area) combined with a large amount of dominance 
if his objective is a hybrid. If his objective is a variety 
the breeder should be interested in those parents with low 
performance combined with a minimum amount of dominance.
La. 16 ne (No. 7) was inconsistent from generation to gener­
ation in three of four environments with respect to its 
position in the order of dominance; this inconsistency was 
also seen in the (Vr,Wr) graphs. Greece (No. 4) and DSIS 
(No. 5) were fairly consistent from generation to generation 
in the four environments with respect to order of dominance, 
but, when averaged over all environments, Greece was the only 
parent to maintain its position from the F^ to the Fg 
generation. Other parents were in close agreement between
Table 2 5* The rank of the parents with respect to dominance and mean performance
Ifor bract surface area.
Order of Dominance 
(Yr + Wr)
Order of Parents 
Mean Performance
Location Year Generation dominant — ^recessive high ------------ >  low
Alexandria 1978 Fi 7,6,k, "3,5,1,2 7.6.4,5,2,3,1
•i ll V 2,4,3,5.7.6,1 it
•• 1979 Fi 4,6,1,5,2,7,3. 7.6,4,5,2,3.1
tl •• FZ 4,6,1,3.2,5.7 •«




•• 1979 F1 6,7, if. 3.2,5.1 7,6,5,4,3.2,1
l» • F2 1.6,2,3.4,5.7 ii




generations in three of four environments.
Greece (No. 4) was the only parent with high ranking in 
the order of dominance and a medium-sized bract suitable for 
a hybrid program. LSS (Pak) (No.2) would be a desirable 
parent in a varietal development program. Even though MoBW 
(No.l) and NCJ-9 (No.3) would also appear to be desirable 
parents in a varietal development program, they were incon­
sistent with respect to their position in the order of 
dominance between generations.
Genotypic and Phenotypic Correlations
Only one correlation coefficient was significant between 
bract surface area and 50% span length; all other correlation 
coefficients involving these traits did not approach signifi­
cance (Table 24). Highly significant positive genotypic 
correlations were calculated between bract surface area and 
2.5% span length in both generations. Thus a reduction in 
bract surface area was associated with shorter fibers, a very 
undesirable association.
Only two genotypic correlation coefficients were signi­
ficant with uniformity ratio, even though all coefficients 
were in a desirable negative direction.
Significant correlations were found between bract 
surface area and micronaire in one environment only, 
Alexandria-1979. Micronaire, is highly influenced by 
environment which may explain why significance was found 
only at one location in one year.
Table 24. Genotypic and phenotypic correlations 
several fiber and agronomic traits.
Alexandria Baton Kouge
Trait 1978 1979 1978 1979
50°/o Span .11 + .04 - . 0 7 .19
Length .31 .24 .19 .32
2.5# Span .36 .51* • 31 .42Length .43* .69** .72** .66**
Uniformity -.19 -.31 - . 2 6 -.08Ratio -.20 -.42 -.19 -.21
Micronaire -.23 -.51* -.01 -.08-.21 -. 74** . 1 7 -.14
T. Strength -.57** -.57** - . 2 8 -.60**J. -.91** -.78** -.39 -.86**
Lint # . 3 6 .01 .31 .23.43* . 0 6 • 37 . 28
Yield • 31 -:!ii .08 -.05.55** .25 -.09
Earliness ____ V ____ n ___ if .01■» «• « w “ “ ™ •
(c
- . 0 1
oiitinuc
between bract surface area and
Alexandria Baton Rouge '
1978 1979 1978 1979
.04 . 12 - . 1 1 .11
.12 .89** .17 .30
.52* .47* .19 •33.59** .66** .58** .52*
- . 3 0 - . 2 8 - . 3 0 -.19-.88** -.57** - . 3 8 -•35
-.24 -.27 - . 1 6 .05
- . 3 6 -.50* - . 0 6 .18
-.53* -.59** -•3! .64**---- § -.81** .87**
.44* .14 .05 . 10.58** . 22 .15 .13
• 35 . 26 . 1 6 .12
.47* ____ § .83** ---- §
---- 1F ____ ir .11 -.15
---- ---- .50* - . 2 1
Table 2 4 Continued.
F F„1 .... 
Alexandria Baton Rouee Alexandria Baton Rouee


























+ Upper figure= phenotypic correlation coefficient.
Lower figure= genotypic correlation coefficient.
11 Data were not collected for this trait.
§ Unable to calculate genotypic correlation coefficient due to large experimental 
error.
*, ** Significantly different from zero at the 0.05 and 0.01 levels of 
probability, respectively.
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Generally, strength appeared to be negatively 
correlated with bract surface area in the F^ and Fg genera­
tions. Two genotypic correlation coefficients could not be 
calculated in the Fg generation due to a large experimental 
error. Correlations were not significant in either 
generation at Baton Rouge in 1978; plots were not uniform 
in maturity within each replication at Baton Rouge in that 
year and consequently bolls were picked in some plots at the 
time of boll opening when fibers were not fully dried. The 
highly significant positive phenotypic and genotypic corre­
lations in the Fg generation at Baton Rouge in 1979 cannot 
be explained by the author. Except for this environment, the 
data suggested a negative relationship between bract surface 
area and fiber strength. When bract surface area was reduced, 
fiber strength was increased.
Significant positive correlations between bract surface 
area and lint percent occurred only at Alexandria in 1978; 
most of the other correlations, though positive, did not 
approach significance.
Three genotypic correlations were significant and 
positive between bract surface area and yield, however three 
other genotypic correlation coefficients could not be .cal­
culated due to large experimental error. From the available 
data, there appeared to be an undesirable genotypic 
association between bract surface area and yield.
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Not enough data were collected for earliness to make 
conclusive statements regarding any association of the trait 
with bract surface area.
. Bract surface area was positively correlated, both 
genotypically and phenotypically, with properties of boll 
weight and lint weight per boll. Thus a reduction in bract 
surface area resulted in a corresponding reduction in boll 
weight and lint weight per boll , both of which are un­
desirable with regards to the problem of bract trash in 
machine-harvested seedcotton. Such significant correla­
tions suggest that one would not make progress in reducing 
the bract relative to the boll if, for every reduction in 
bract area, there was a corresponding reduction in lint 
weight per boll. These findings agreed with those of other 
researchers (9,32).
J.B. Weaver, Jr. from the University of Georgia (personal 
communication) suggested using the ratio of bract size/lint 
weight per boll as a more accurate measure of heritable 
changes in bracts relative to bolls. This ratio would re­
flect sq. cm. of bract area per gram of lint. In this study 
the values for the ratio were based on surface area of one 
bract and not total bract surface area (three bracts) of a 
boll.
Bract Size/Lint Weight Per Boll 
Means and Analyses of Variance
Highly significant differences among parents for the
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ratio of bract size/lint weight per boll were detected
(Tables 25 and 26); thus, it is appropriate to conduct a
detailed analysis of gene action controlling this trait.
• Analysis of the F^ and Fg generations (Tables 27 and
28, respectively) revealed highly significant differences
among crosses for the ratio bract size/lint weight per boll.
Significant first order genotype-environment interactions
were detected in the F generation only. Second order1
interactions were not significant in either generation. 
Significant F^ first order interactions will be reflected 
in heterosis estimates and order of dominance.
Data does not suggest a close correlation between paren­
tal performance and means of their F^ and F2 progeny (Table 
29). LSS(Pak), NCJ-9, Greece, DSIS, and La. 16ne had mean 
progeny values generally smaller than parental values while 
the two parents with smallest values had greater mean 
progeny values.
Heterosis and Inbreeding Depression
F^ and Fg means were consistently lower than the mid­
parent (MP), except at Baton Rouge in 1979 (Table 30). The 
range of variability of parents averaged over 2.0 and indi­
cated high variability for bract size/lint weight per boll. 
Three of four heterosis estimates were highly significant and 
negative. The fourth estimate was positive but not signifi­
cantly different from zero; this was expected since there
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Table 25. Combined analysis of bract size/lint weight per
boll for the parents.
Source df Mean Square F
Years 1 0.3109 0.94
Locations 1 1.294-5 3.91
Years X Locations 1 4.2299 1 2 .78**
Hep(Years X Locations) 11 O.33IO 0.97
Parents 6 12.8022 37.53**
Years X Parents 6 1 . 2156 3.56**
Locations X Parents 6 0 . 6 2 1 3 1 . 8 2
Years X Locations X Parents 6 0 .4584 1 .34
.Error 66 0.3411
** Significant at the 0.01 level of probability.
Table 26. Analyses of bract size/lint weight per boll of




1976 1979 1976 1979
Rep 3 0.2403 0.1963 0.2567 O.63SI
Parent 6 6.1439** 1 .7924** 3.0740** 4.3210**
Error lb 0 . 3 1 0 8 0.405b 0.1142 0.4581
** Significant at the 0.01 level of probability.
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Table 27. Combined analysis of bract size/lint weight per
boll for the generation.
Source df Mean Square F
Years 1 8.6441 6 .36*
Locations 1 0.7552 0.71
Years X Locations 1 1 . 8 3 1 2 1.73
Hep(Years X Locations) 11 1 . 0 5 7 6 4.23**
Entries 20 2.2839 9.14**
Years X Entries 20 0.4508 1.80
Locations X Entries 20 0.2567 I . 0 3
Years X Locations X Entries 20 0.1171 0.47
Error 220 0.2498
*, ** Significant at the 0.05 and 0.01 levels of probability
respectively.
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Table 28. Combined analysis of bract size/lint weight per 
boll for the F2 generation.
Source df Mean Square F
Years 1 0.9412 0.80
Locations 1 0.4504 O . 36
Years X Locations 1 1 . 2 5 3 1 1 . 0 6
Rep(Years X Locations) 11 1.1790 5.19**
Entries 20 3 . 6 1 2 0 15.91**
Years X Entries 20 0.2086 0.92
Locations X Entries 20 0 . 3 2 0 1 1.41
Years X Locations X Entries 20 0.164? 0.73
Error 220 0 . 2 2 7 0
** Significant at the 0.01 level of probability.
Table 2 9* Parental means and their mean performance for bract size/lint weight 
per boll in cm2/g.
Parent
Alexandria Baton Rouge
1978 19.79. 1978 1 979
PJ+ C
.t










1 MoBW 3 . 0 3-3 3-3 2 . 8 3-1 3-5 2.3 3*1 3.0 2 . 6 3-1 3-1
2 LSS(Pak) 4.7 3.2 3*4 4.8 3.6 3-5 4.0 3.2 3-5 5.6 4.0 3.8
3 NCJ-9 6 . 6 4.3 4.2 4.6 4.1 4.3 5-5 3-7 4.2 5-7 4.0 4.3
4 Greece 3.4 3-3 3-4 3.8 3.6 3.6 3.4 3-3 3.6 4.9 3-7 3.6
5 DSIS 3.7 3-5 3-5 3-9 3.8 3-8 3.4 3.2 3-5 3.8 3-7 3.6
6 Coker NF 3-3 3.2 3-5 3.6 3.5 3-5 2 . 8 3-1 3.2 3.2 3.6 3-5
7 La. l6ne 4 . 3 3.4 3-7 4.5 3-9 3.7 3.8 3.4 3*5 4.0 3.8 3-7
+ P-= Parental mean; C-= F-, or F? mean over all crosses involving the -th parent.J J  ±  £  J
Table 30. Average performance of parental, F^, and F2 generations and mean 
heterosis, inbreeding depression, and F2 deviations for the trait bract'size/ 










Alexandria 1978 4.1 3-5 3.6 2.18 -1 5 .8** -4.7 -5.2**
ft 1979 4.1 3 . 6 3.7 1.71 -1 0 .8** -2 . 6 -4.0
Baton Rouge 1978 3.6 3.3 3.5 2 . 3 8 -7.9** -6 . 0 0 . 8
•• 1979 3.6 3*7 3.7 2.18 3 . 8 0.9 0 . 2
** Significantly different from zero at the 0.01 level of probability, 
t MP=Midparent; HP=High parent; LP=Low parent.
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was a significant genotype-environment interaction of the 
dominance components of variation (discussed later).
Several crosses showed significant amounts of heterosis 
(Table 31). NCJ-9 had a highly significant amount of hetero­
sis in every cross except the cross with MoBW. It is 
interesting to note that all crosses exhibiting heterosis 
had a mean performance below that of the midparent. LSS(Pak) 
X NCJ-9 had the highest absolute amount of heterosis and was 
also previously noted to exhibit a nonsignificant amount of 
heterosis for bract surface area in the negative direction.
No estimate of inbreeding depression was significant 
(Table 30). The deviations of Fg performance from the mean 
of midparent and F^ performance were significant only at 
Alexandria in 1978 which was also the environment where the 
most heterosis was expressed. Insignificant and low levels 
of inbreeding depression and F£ deviations indicate that 
epistasis and dominance were not as important as 
additive effects for bract size/lint weight per boll.
Tests of the Assumptions
(Wr-Vr) values were constant over arrays for both 
generations except for the F^ generation at Alexandria 
in 1978 (Table 32). This significant array source of 
variation indicated that one or more of the assumptions of 
no epistasis, no multiple allelism, and independent gene 
distribution was not valid for bract size/l.int weight per
Table 31• Midparent and bract size/lint weight per boll values and the mean 
heterosis for each cross.
Alexandria Baton Rouge
1978 1979 1978 1979
Cross MP *1 MP *1 MP F1 MP F1 Heterosis
MoBW x LSS(Pak) 3-9 2.8 3.9 2.6 3.2 2.7 3-2 3-1 -17.9**
x NCJ-9 4.8 5.5 4.8 3-5 3.9 4.3 3*9 '3.6 “3-3
" x Greece 3.2 3.0 3.2 3.0 2.8 2.8 2.6 3.0 -3.6
x DSIS 3.4 2.6 3.4 3.1 2.9 2.7 2.9 3.2 -6.7
" x Coker NF 3-2 2.7 3.2 3.0 2.6 2.5 2.6 2.7 -5.3
" x La. 16ne 3-7 3-3 3.7 3.0 3.0 3.8 3.0 3-3 1.7
LSS(Pak) x NCJ-9 5.7 3-7 5.7 3.7 4.8 3.6 4.8 4.2 -26.0**
" x Greece 4.0 3.2 4.0 3.2 3-7 3-5 3*7 3.7 -11.4
x DSIS 4.2 3.4 4.2 3.9 3-7 3.1 3.7 4.4 -5.1
" x Coker NF 4.0 3.2 4.0 4.0 3.4 2.9 3.4 4.0 -4.5
" x La. l6ne 4.5 3.0 4.5 4.2 3.9 3-1 3-9 4.5 -10.7
NCJ-9 x Greece 5.0 4.0 5.0 4.5 4.4 3.7 4.4 4.5 -11.2**
x DSIS 5-2 4.8 5.2
(Co
4.6











NCJ-9 x Coker NF 5.0 3.6 5 . 0 3.8 4.2 3-7 4.2 4.0 -16.7**
" x La. l6ne 5.5 4.1 5-5 4.4 4.6 3-5 4.6 4.1 -2 0 .0**
Greece x DSIS 3-5 3.2 3-5 3.6 3.4 3.8 3*4 3-7 3-3
” x Coker NF 3.4 3.1 3*4 3-3 3*1 3.1 3*1 3-7 1.7
" x La. lone 3.8 3*4 3.8 4.1 3-6 3.0 3.6 3.6 -5.3
DSIS x Coker NF 3-5 3.4 3-5 3.4 3*1 2.9 3.1 3.4 • -1.4
" x La. I6ne 4.0 3*7 4.0 4.2 3.6 3*4 3-6 3-9 -0 . 1
Coker NF x La. 16ne 3.8 3.2 3.8 3-6 3-3 3*3 3-3 3-5 -3.2
** Significantly different from zero at the 0.01 level of probability.
Table 32. Analyses of variance of (Wr-Vr) values for the ratio of bract size/
lint weight per boll.










Rep 3 . 3886 .3248 .0027 .0703 .0581* .2724 10.4524*.0783*
Array 6 .6563* .1987 .0076 .0271 . 0 1 2 9 .2800 1.5415 . 0130
Error 18 .1975 .1041 .0110 .0384 . 0 130 .2091 1.3605 .0171
*, ** Significant at the 0.05 and 0.01 levels of probability, repectively.
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boll. Since only one of eight data sets was significant, 
it may be concluded from this test the assumptions were 
fulfilled.
Only one criteria of the second general test was met 
in every data set, that being significantly different from 
zero (Table 33). The second criteria, not significantly 
different from 0,5, was met only by the F^ generation at 
Alexandria in 1979. Thus, the genetic makeup of bract size/ 
lint weight per boll did not fully comply with no epistasis, 
no multiple allelism, and independent gene distribution, 
according to this test.
Both criteria of the third general test, significantly 
different from zero and not significantly.different from 1.0, 
were met in half of the data sets <Table 34). Specifically, 
they were met in the generation at Baton Rouge and the 
F£ generation at Alexandria in 1978 and at Baton Rouge in 
1979. Most other sets of data met only one criteria of 
this test, significantly different from zero, and did not 
approach 1.0. Again, bract size/lint weight per boll 
showed partial failure of assumptions.
A careful examination of (Vr,Wr) graphs (Figures 12 
through 19) revealed no single array or group of arrays 
consistently deviated from other arrays. The scatter of 
points below the expected line of unit slope in Figures 12, 
14, 17, and 18 (data sets which deviated significantly from 
the expected) would suggest epistasis; two figures represent
Table 33* (Vilr, ulr') regression coefficients for the ratio bract size/lint
weight per boll.
Population Location Year Coefficient 95>j Confidence Limits
Fi Alexandria 1978 0 . 3 3 4 0 . 2 2 2 - 0 4 446
•t 1979 O.39O 0.133 - 0.647
Baton Rouge 1978 0.299 0 . 2 5 0 - 0.348
•l 1979 0 . 2 8 3 0 . 2 3 0 - 0.336
F2 Alexandria 1978 0 . 2 6 9 0.209 - 0.329
•t 1979 0 . 20 1 0 . 0 6 6 - 0.336
Baton Rouge 1978 0.39*4- 0 . 3 2 2 - 0.466
•• 1979 0 . 3 2 6 0.270 - 0 . 3 8 2
Table 34. (Vr, Wr) regression coefficients for the ratio bract size/lint
weight per boll.
Population Location Year Coefficient 95fo Confidence Limits
F1 Alexandria 1978 0.421 0.272 - 0.570
•i 1979 0.169 0 . 0 1 5 - O . 363
Baton Rouge 1978 0.884 0 . 6 7 0 - 1 . 0 9 8
IV 1979 0 . 7 8 8 0 . 5 7 2 - 1.004
F2 Alexandria 1978 0.927 0.784 - 1 . 0 7 0
iv 1979 0 . 0 1 6 (-0.184) - 0 . 2 1 6
Baton Rouge 1978 0 . 0 3 8 (-0.075) - 0.151
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Fig. 12. Regression of array variance (Yr) on array covariance
(Wr) of bract size/lint weight per boll for the generation
at Alexandria in 197&*
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Fig. 13. Regression of array variance (Vr) on array covariance
(Wr) of bract size/lint weight per boll for the F.̂  generation
at Baton Rouge in 197B.
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Fig. 14. Regression of array variance (Vr) on array covariance 
(rtr) of bract size/lint weight per boll for the Fĵ  generation 
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Fig. 15. Regression of array variance (Vr) on array covariance
(rtr) of bract size/lint weight per boll for the Fj generation
at baton Rouge in 1979.
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Fig. 16. regression of array variance IVr) on array covariance
(rtr) of bract size/lint weight per boll for the Fz generation
at Alexandria in 1978.
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Fig. 1?. Regression of array variance (Vr; on array covariance
(Wr) of bract size/lint weight per boll for the F2 generation
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Fig. 18. Regression of array variance (Vr) on array covariance
(Wr) of bract size/lint weight per boll for the F2 generation
at Alexandria in 1979«
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Fig. 19. Regression of array variance (Vr) on array covariance 
(Wr) of bract size/lint weight per boll for the F2 generation 
at baton Rouge in 1979*
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the same environment. Problems may be expected in calcula­
ting various estimates for these data sets. No parental 
heterozygosity was firmly detected from the graphs.
Only one replication had a significant chi-square value 
for epistasis which may have been due to chance deviation 
(Table 35); it was previously determined that there was 
significant Fg deviations at that environment suggesting 
epistasis or overdominance was present. The heterogeneity 
chi-square was insignificant thus allowing data to be pooled. 
The pooled chi-square was also insignificant. Results of 
this test indicated there was not an appreciable amount of 
epistasis involved in bract size/lint weight per boll.
In the specific test for multiple allelism (Table 36), 
the array source of variation was significant at Baton Rouge 
in 1979. At other environments, the array source of varia­
tion did not approach significance. Overall, there did not 
appear to be a significant indication of multiple allelism 
for bract size/lint weight per boll.
Since independent gene distribution was not specifically 
tested and there was a partial failure of the three general 
tests, this assumption was not considered fulfilled.
Significant amounts of linkage were detected at Alexandria 
in 1978 (Table 37). Since this test does not completely rule 
out linkage when array sources of variation are nonsignifi­
cant there still may have been appreciable amounts of 
linkage which could have affected the accuracy of various
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Table 3 5 . Chi-square analysis for detecting epistasis in 
the ratio bract size/lint weight per boll.
Year Location Replication df 2X




Baton Rouge 1 21 23.5
2 21 19.5
3 21 8 . 6
1979 Alexandria 1 21 24.0
2 21 9.6
3 21 1 6 . 8
4 21 14.2
Baton Rouge 1 21 8 . 2
2 21 16.0
3’ 21 24.1
4 21 2 3 . 6
Fooled 315 285.7
Heterogeneity 294 2 6 3 . 8
** Significant at the 0.01 level of probability.
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Table jo. Analyses of variance of (W^ - 2Wr2) values for 




Source df 1978 1979 1978 1979
Rep 3 .0400 .196b* .Obi 6 .2786
Array 6 .2394 .0644 • 3359 •3585*
Error 18 .2651 .0770 • 3912 .1339
* Significant at the 0.05 level of probability.
I l l
Table 37* analyses of Vr values in the r- generation as a 








hep 3 .06 77 • 3 W 11.1,371** .0647
Array 6 .4060* .1272 1 .3306 .214b
hrror 16 .1212 .2014 1.3634 .1111
* , ** Significant at the 0.05 anti 0.01 levels of probability
respectively,-
112
estimates obtained in the F2 generation. The accuracy of 
estimates at Alexandria in 1978 for the Fg generation will 
definitely be affected. As previously seen with bract sur­
face area, the results indicated that linkage and/or non- 
independent gene distribution were involved in bract 
size/lint weight per boll. It is also possible that 
insignificant amounts of epistasis and multiple allelism 
contributed to the partial failure of the three general 
tests. Another source of variation which may have contri­
buted to assumption failures was parental heterozygosity 
which was not detected in the (Vr,Wr) graphs.
Results of the test of the additive portion of the 
assumption of no genotype-environment interaction are found 
in Table 25. The highly significant parent source of varia­
tion indicated that some parents carry alleles with 
different additive effects. The additive effects were not 
constant among environments as evidenced by the significant 
parents by year interaction.
Table 38 gives the results of the test for genotype- 
environment interaction of the dominance components of 
variation. Significant locations source of variation 
indicated that all of the genotype by locations interactions 
of additive components of variation were not completely 
minimized by adjusting the data. The mean degree of 
dominance was either partial dominance or overdominance as 
indicated by the significance of the dominance source of
Table 3 8 * Genotype by environment analysis of the dominance components of 
variation for the ratio bract size/lint weight per boll.
Source df Mean Square F
Years 1 0 . 5 0 1 0 2.52
locations 1 1 . 3 2 1 9 6.6 5*
Years X Locations 1 0 . 0 ^ 0 . 2 3
Hep(Years X Locations) 11 0.1987 2.02*
Dominance 1 0.5099 5.19*
Years X Dominance 1 0.3926 If. 00*
Locations X Dominance 1 0.9582 9.75**
Years X Locations X Dominance 1 0.1169 1.19
Arrays 6 0.66^5 6.76**
Years X Arrays 6 0. 6oM j> 6.15**
Locations X Arrays 6 0.1932 1.97
Dominance X Arrays 6 O .0731 0.7^
Years X Locations X Arrays 6 0.2081 2.12
(Continued)
Table 38 Continued.
Source df Mean Square F
Years X Dominance X Arrays 6 0.1506 1.53
Locations X Dominance X Arrays 6 O.O633 0 .6^
Years X Locations X Dominance X arrays 6 0.1053 1 .07
Error 1^3 0.0983
*, ** Significant at the 0.05 and 0.01 levels of probability, respectively.
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variation. Significance of years by dominance and locations 
by dominance interactions suggest that the mean degree of 
dominance expressed in bract size/lint weight per boll 
varied from year to year and between locations. There are 
differences in dominance among parents as revealed in the 
significance of array source of variation. Highly signifi­
cant years by arrays interaction indicate that dominance 
relationships among parents were not constant between years. 
The insignificance of all interactions involving dominance 
with arrays provide additional evidence that epistasis did 
not contribute significantly to bract size/lint weight per 
boll inheritance.
The assumption of no genotype by environment interaction 
of dominance components of variation was not fulfilled and 
will be reflected in order of dominance, in estimates of 
mean degree of dominance, and in estimates of dominance gene 
effects.
Estimates of Environmental and Genetic Parameters
Mean parameter estimates and their significance levels 
for bract size/lint weight per boll are found in Table 39. 
Only one estimate of the environmental variance for the 
parents (Eq) was significant while three of four estimates 
of environmental variance for the F and Fg generations were 
significant. The insignificance of the relatively high 
environmental variance estimates points to the weakness of
Table 39. Mean parameter estimates of the ratio bract size/lint weight per boll.
F1 F2
Alexandria Baton Rouge Alexandria Baton Rouge
Parameter 1978 1979 1978 1979 197& 1979 1978 1979
E 0 0.31 0 .2?** 0.15 0.53 ---- ---- ---- ----
E 1 0.23 0 .53** 0 .10** 0.24* ---- ---- ---- ----
E2
---- ---- ---- 0 .13** 0 .37** 0.57 0 .12**
D 1.46** 0.48** 0 .97** 0.94** ---- ---- ---- ----
F 0.95** 0.17 0.75** 0.43** 1.77** 0.42** 0 .94** O.33*
H 1 0 .58** 1.61** 0 .30** 0.05 1 .58** 0.66 7.65 0.32
H 2 0 .54** 1.46** 0 .16** 0.04 2 .85** 4 .50** 12.12** 2.41**
*, ** Significantly different from zero at the 0 .05 and 0.01 levels of 
probability, respectively.
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the method used in calculating estimates or to the high 
degree of variability among entries to environmental influence 
on bract size/lint weight per boll. The average environmental 
estimate of the parental, F , and Fg generations were 0.32, 
0.28, and 0.30 respectively. F2 environmental estimates 
are generally found to be intermediate between parental and 
F^ estimates and these results conform to the general trend.
Estimates of additive gene effects (D) were highly 
significantly different from zero. Except for one estimate 
in the F-̂  generation, estimates of relative frequency of 
dominant versus recessive alleles in the parents (F) were 
positive and significantly different from zero; this suggests 
that there was a predominance of dominant alleles in the 
parents for bract size/lint weight per boll at those loci 
that exhibited dominance.
In the’F^ generation, only one estimate of dominant gene 
effects (H3O was greater than the estimate of additive gene 
effects (D). Three of the F1 estimates of dominance gene 
effects were highly significantly different from zero, while 
only one estimate in the F generation showed significance.
A
The estimates of dominance gene effects, corrected for 
gene distribution, (H2 ) in the F^ generation were similar 
to the Hi values obtained in the same generation. This 
suggests that there were little correlated gene distribution. 
The H2 estimates in the F2 generation were all highly 
significantly different from zero and consistently greater
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than estimates of additive gene effects (D). These data 
suggest that there was a significant amount of dominance 
gene effects and they may be more important than additive 
gene effects. All H2 estimates in the F2 generation were 
greater than Hj estimates in the same generation which does 
not conform to theory (16), although, the F-̂  generation 
estimates did conform to theory.
Investigation of Genetic Systems
Mean estimator ratios and their 95% confidence limits 
for the F^ and F^ populations are shown in Tables 40 through 
43.
Estimates of mean degree of dominance (Dominance 1, 2, 
and 3) were highly variable among enviornments as expected 
from the previous analysis of the genotype by environment 
interaction of dominance components of variation (Table 38). 
Thirteen of 24 estimates were significantly different from
zero; of those, two were in the overdominance range while
others were in the partial dominance range. Two estimates 
in the overdominance range, although not significantly dif­
ferent from zero, were calculated in the Fg generation at 
Baton Rouge in 1978 which was previously noted to differ from 
the expected as seen in its respective (Vr,Wr) graph. The 
other two overdominance estimates were calculated from the 
the other data set which was noted for its deviation in the 
(Vr,Wr) graph. Overall estimate of the mean degree of
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Table 40. Kean estimator ratios of bract size/lint weight
per boll for the F1 population at Alexandria.
Estimator Year Ratio 9 %  Confidence Limits
Dominance 1 1976 0.55 0.33 - 0.77
1979 3.23 1.95 - 4.51
Dominance 2 1976 0.74 O . 63 - 0.85
1979 1 . 8 0 0.52 - 3 . 0 8
Dominance 3 1976 0.59 0.42 - 0 . 7 6
1979 -0 .2 1 (-0 .6 8) - 0.26
K 1978 0.74 (-5.96) - 7.46
1979 0 . 2 2 (-0.24) - 0 . 6 8
h2A«i 1976 0 . 5 2 0.31 - 0.73
19 79 0 . 3 2 0 . 2 2 - 0.42
Heritability 1976 0.74 O . 56 - 0.92
1979 0.27 0 . 2 0 - 0.34
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Table 41. toean estimator ratios of bract size/lint weight
per boll for the population at Baton Houge.
Estimator Year riatio 95/" Confidence Limits
Dominance 1 1976 0.26 0 . 2 2 - 0.34
1979 H0 o1 (-0 .1 2) - 0 . 1 0
Dominance 2 1978 0 . 5 2 0.46 - O . 58
1979 ----
Dominance 3 1978 0.42 0.39 - 0.45
1979 0.45 0.37 - 0.53
K 1978 8.77 (-0 .6 6) -16.20
1979 16.55 (-19.73) -52.63
HgAKj 1978 0 .11 0.06 - 0.14
1979 0 . 0 6 (-0.06) - 0 . 2 0
Heritability 1976 0.92 0 . 6 6 - 0 . 9 6
1979 0 . 3 6 0 .3 1 - 0.45
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Table 42. Mean estimator ratios of bract size/lint weight 
per boll for the F2 population at Alexandria.
Estimator Year Ratio 95% Confidence Limits
Dominance 1 1978 0 .2 1 0 . 1 0 - 0 . 3 2
1979 -0.43 • (-1 .2 8 ) - 0.42
Dominance 2 1978 0.53 0.44 - 0 . 6 2
1979 ----
Dominance 3 1978 0 . 5 0 0.45 - O . 5 5
1979 -0.01 (-O.7 2) - 0 . 7 0
K 1978 3 . 6 0 (-0.43) - 7.63
1979 0 . 6 6 0.16 - 1 . 1 6
h 2A Hi 1978 0.40 (-0 .0 6) - 0 . 8 6
1979 -0 . 5 8 (-0.9D - (-0.25)
Heritability 1978 0 . 6 6 0 . 5 8 - 0 . 7 4
1979 0 . 2 0 0.18 - 0 . 2 2
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Table 1*3* Mean estimator ratios of bract size/lint weight
per -boll for the population at Baton Rouge.
Estimator Year Ratio 957° Confidence Limits
Dominance 1 197& 1.27 (-0.80) - 3 . 3 4
1979 -0.08 (-O.3 2 ) - 0 . 1 6
Dominance 2 1978 ----
1979 ----
Dominance 3 1978 1 . 2 1 (-O.3 9) - 2 . 8 1
1979 0-55 0.1*9 - 0.61
K 1978 0.77 (-0 .8 0 ) - 2 .31*
1979 3.01 0.18 - 5.8J*
V 411! 1978 -0.10 (-0.28) - 0.08
1979 0.07 (-0 .1 1) - 0 . 2 5
Heritability 1978 0.26 (-0 .1*0 ) - 0 . 9 2
1979 0.33 0 . 2 8 - O . 38
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dominance was 0.61 while mean population estimates were 0.76 
and 0.42 for the F^ and F^ populations respectively. Examin­
ation of the Wr intercept of the (Vr,Wr) graphs revealed 
values for the F^ generation of 0.27, 0.11, 0.14, and 0.11
- (Figs. 12,13,14,15) and for the F generation of 0.19, 0.34,2
0.18, and 0.17 (Figs. 16,17,18,19). These values suggest 
partial dominance with an overall estimate of 0.19, support­
ing the conclusion drawn from previous estimates.
Estimates of the number of effective factors, K, appeared 
erratic and varied from 0.22 to 16.55. Failure of the 
assumption of independent gene distribution caused an 
underestimation of the number of effective factors. Other 
factors may have been involved in causing an underestimation 
of K such as unequal dominance effects. Only two estimates 
were significantly different from zero. There may have been 
as many as six gene pairs involved in controlling bract 
size/lint weight per boll.
Estimates of average frequency of negative versus 
positive alleles at loci exhibiting dominance in the parents 
(H2/4H^) were not significantly different from 0.25 in 
three instances. Since this estimate has a maximum value of
0.25, one of the estimates (F^ population at Alexandria in 
1978) must be ignored. Even though erratic and highly 
variable estimates may not give a clear picture of alleles 
at loci exhibiting dominance, they suggest there was not an 
equal distribution of positive versus negative alleles
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at loci exhibiting dominance.
Narrow-sense heritability estimates were, with one 
exception (F£ population at Baton Rouge in 1978), signifi­
cantly different from zero and highly variable. Values 
ranged from 0.20 to 0.92. The data sets, previously noted 
to deviate from the expected in (Vr,Wr) graphs, gave smaller 
values than data sets conforming to expectation. Generally, 
heritability estimates in 1979 were considerably smaller 
than values obtained in 1978. The F-̂  population had an 
average of 0.58 compared to an average of 0.36 for the F2 
population. The overall estimate of 0.47 suggests that 
one-half of the heritability of bract size/lint weight per 
boll was additive in nature or that heritability was com­
posed primarily of complete dominance. Since the overall 
estimate of mean degree of dominance was 0.61 and the 
significant dominance source of variation in the genotype- 
environment analysis of dominance components of variation 
suggested either partial or overdominance, the second 
interpretation does not seem feasible. If the data sets not 
conforming to expectation were ignored, the narrow-sense 
heritability estimate would become 0.61, more firmly suggest­
ing at least one-half of the heritability of bract size/lint 
weight per boll was additive in nature.
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Direction and Order of Dominance
The following table lists the values obtained from the 
first estimate of direction of dominance, (F-̂  - P) and
C*2 ~ :
Table 44
Direction of Dominance as Estimated by (F-P) 
for Bract Size/Lint Weight Per Boll
Alexandria Baton Rouge
Generation 1978 1979 1978 1979
F1 -.64 -.41 -.30 -.55
*2 -.54 -.31 -.10 -.55
The data suggest that dominance averaged over all crosses 
was in the direction of a smaller ratio of bract size/lint 
weight per boll. Heterotic effects were significantly 
different from zero except at Baton Rouge in 1979; thus, 
conclusions from this estimate of direction of dominance 
can be drawn with confidence.
The results of the second estimate of the direction of 
dominance, calculated from (Vr+Wr) correlations with 
parental means, are found in Table 45. Only half of the 
correlation coefficients were significantly different from 
zero; two other correlation coefficients were positive. The 
six significant or near-significant correlation coefficients
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Table 45. (Vr + Wr) correlations with parental means for 
bract size/lint weight per boll.
Generation Location Year r
Fi Alexandria 1978 O.90**
H 19 79 0.71
Baton Rouge 1978 0 .86*
H 1979 0.73
P2 Alexandria 1978 O.97**
I t 19 79 0.46
Baton Rouge 1978 0.41
II 1979 0.84*
*, ** Significantly different from zero at the 0.05 and 0.01
levels of probability, respectively.
of eight estimates suggest most dominant alleles for bract 
size/1,int weight per boll acted in one direction and the 
majority of recessive alleles acted in the opposite direction. 
Low‘array variances and covariances are indicative of parents 
with a large number of dominant alleles while high array 
variances and covariances are indicative of parents with a 
large number of recessive alleles (13). Therefore, the 
positive correlation coefficients would suggest the majority 
of dominant alleles were negative in direction, i.e., oper­
ating in the direction of smaller ratios of bract size/lint 
weight per boll. Both estimates of direction of dominance 
agree and support the previous investigations of heterosis 
and relative frequency of dominant versus recessive alleles. 
These previous investigations showed significant negative 
amounts of neterosis and a predominance of dominant alleles 
in parents for this trait.
Table 46 lists the order of dominance and order of mean 
performance of the parents for bract size/lint weight per 
boll. A breeder would be interested in those parents with 
low mean performance (small bract size/lint weight per boll) 
combined with a large amount of dominance for use in a 
hybrid breeding program. A varietal development program 
would dictate parents with low mean performance combined 
with insignificant amounts of dominance. The relative rank 
of parents in mean performance was essentially the same 
across all environments as was expected from the results of
Table 46. The rank of the parents with respect to dominance and mean performance 
for bract size/lint weight per boll.
Order of Dominance Order of Parents
(Vr + Wr) Mean Performance
Location Year Generation dominant — >  recessive high------------ >  low








Baton Rouge 1978 P1 7,6,5,4,1,2,3 3,2,7,5.4,6,1
It at P2 7,1,6,2,5,3,4 it
at 1979 P1 5,1,7,2,6,4,3 3,2,7,4,5,6.1
II M P2 1,5,6,7,2,3,4 ii
Average overall 1,6,5,7,4,2,3 3.2,7,4,5,6,1
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combined analysis of the parents (Table 25). La. 16ne (No.7) 
was inconsistent in relative rank of order of dominance 
similar to results with bract surface area. MoBW (No.l),
DSIS* (No.5) and Coker NF (No.6) would be preferred as parents 
in a hybrid breeding program due to their high rankings in 
the order of dominance and low ratios of bract size/lint 
weight per boll. Greece (No.4) appears to be the only parent 
with low levels of dominance and a moderate ratio of bract 
size/lint weight per boll desirable for a varietal develop­
ment program.
Genotypic and Phenotypic Correlations
Eight of 16 correlation coefficients were significant • 
between bract size/lint weight per boll and 50% span length 
(Table 47). Generally, there appeared to be a positive 
genotypic association between these traits, even though in 
the F2 population at Baton Rouge in 1978 correlation coeffic­
ients were negative. High variability among plots within 
replications for fiber maturity at this particular 
environment may explain the negative correlations.
The traits of 2.5% span length and uniformity ratio did 
not appear to be associated with this ratio.
Fiber micronaire was significantly negatively correlated 
with bract size/lint weight per boll genotypically in the 
Fg generation. The F^ generation had one significant 
correlation. The data suggest that in the segregating
Table 47. Genotypic and phenotypic correlations between the ratio bract size/
lint weight per boll and several fiber and agronomic traits.
Trait
Alexandria Baton Rouge Alexandria Baton Rouge
1978 1979 1978 1979 1978 1979 1978 1979
50% Span .32 + .17 .23 .47* . 2 6 •0 ? E -.54** •37Length .57** .90** .07 .99** .50* ___ § -.68** .75**
2 .5°/° Span .11 .02 -.13 .18 .27 . 1 2 -.49* .19
Length .08 .05 .07 .31 .21 .2 6 -.50* .31
Uniformity .24 .14 -.23 .41 .07 - . 0 2 -.40 .27Ratio .40 .21 .02 .64** .32 .11 -.15 .53*
Micronaire - . 2 2 - . 2 8 -.38 - . 0 3 -.37 -.42 -.67** -.35-.08 -.79** -.29 -.04 -.70** -.76** -.60** -.44*
T, Strength .47* -.23 -•33 -.07 .19 •03 -.58** .11-.01 -.41 -.32 -.09 .17 .10 ---§ .07
Lint % -.56** -.72** -.55** -.66** -.68** -.60** -.71** -.74**-.70** -.63** -.68** -.85** -.77** -.76** ---i -.82**
Yield .04 -.12 .10 .01 -.25 -.14 -.01 -.11
.32 ---§ .05 .67** -.32 -.16 -.74** ___§(Continued)
Table ̂ 7 Continued.
F1 F2
Alexandria Baton rtouee Alexandria Baton Kouee
Trait 1978 1979 1978 1979 1978 1979 1978 1979











+ Upper figure= phenotypic correlation coefficient.
Lower figure= genotypic correlation coefficient.
^Data were not collected for this trait.
§ Unable to calculate genotypic correlation coefficient due to large experimental 
error.
*, ** Significantly different from zero at the 0.05 and 0.01 levels of 
probability, respectively.
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generations a reduction in bract size/lint weight per boll 
results in an increased fiber micronaire reading. Bowman 
et. al. (9) also found a negative association between this 
ratio and fiber micronaire.
No association was detected with strength contrary 
to the positive correlations found in a different population 
by Bowman et al. (9).
Except for the F2 generation at Baton Rouge in 1978, 
lint percent seems to be negatively associated with the 
ratio of bract size/lint weight per boll. These results 
agree with those previously published (9). One could inter­
pret this to mean that a reduction in the ratio of bract 
size/l.int weight per boll results in an increased lint 
percent, but a more feasible interpretation may be that, 
in order to reduce this ratio lint percentage must increase.
Yield did not appear to be associated with the ratio 
of bract size/lint weight per boll.
There were insufficient data to draw conclusions 
regarding any possible association with earliness.
CONCLUSIONS
Investigation into heritability of bract surface area 
revealed highly significant differences in additive effects 
among the parents. Bract surface area was influenced by 
the environment, but no genotype-environment interaction was 
detected. Significant amounts of heterosis were not de­
tected. Epistasis did not contribute significantly to the 
inheritance of bract surface area as evidenced by insignifi­
cant Fg deviations, dominance by arrays interactions, and 
chi-square values. The assumptions of no epistasis, no 
multiple allelism, and independent gene distribution were not 
completely met; although in no test was there strong evidence 
for serious violations of assumptions.
Substantial differences in estimates between the F^ and 
*2 populations were obtained for several genetic parameters 
for bract surface area. One would conclude from the F-̂  
estimates that there were more dominant than recessive 
alleles among the parents for bract surface area, while 
interpretation of F2 generation estimates would suggest an 
equal proportion of dominant and recessive alleles. From 
Hi estimates of dominance gene effects, one would conclude 
from the F-̂  population that there were significant amounts 
of dominance gene effects while based on F2 population
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results, one would conclude that there were insignificant 
amounts of dominance gene effects. Estimates of dominance 
gene effects corrected for gene distribution again showed 
striking differences between the populations; the F^ popula­
tion estimates were zero or negative and the F£ population 
estimates were positive. The obvious error related to the 
population and what occurred genetically in that population. 
The F^ population is a non-segregating population; therefore, 
all formulae for this population do not consider segregation 
of loci. Heterozygosity of loci in parents would show up in 
the Fi population more so than the F2 population where 
segregation is considered. Hayman (17) notes that residual 
heterozygosity will cause an overestimation of the proportion 
of dominant alleles in the parents for the trait under study. 
Even though heterozygous parents were not detected in the 
(Vr,Wr) graphs the author feels that sufficient residual 
heterozygosity possibly existed in the parents to cause in­
flated F^ population values of the proportion of dominant 
alleles in the parents. If this was true, one must point out 
the weakness or insensitivity of (Vr,Wr) graphs for detecting 
residual heterozygosity.
Partial dominance was expressed at most loci where 
dominant alleles were found governing bract surface area.
Narrow-sense heritability estimates revealed that the 
major portion of heritability for bract surface area was 
additive in nature.
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Most dominant alleles for bract surface area effected 
a smaller bract, but a few of the dominant alleles effected 
a larger bract.
• Examination of the order of dominance and order of 
performance revealed only one parent, (LSS(Pak), satisfied 
the requirements of a small amount of dominance and low 
performance for a desirable parent in a varietal development 
program with the objective of reducing bract surface area.
Bract surface area was positively correlated with 2.5% 
span length, negatively correlated with Tj fiber strength, 
and positively correlated with boll weight and lint weight 
per boll. Since bract surface area was positively correlated 
with boll weight and lint weight per boll, the ratio of 
bract size/lint weight per boll was investigated as a more 
accurate measure of true changes in bracts relative to bolls.
Highly significant differences in additive effects among 
parents were detected for bract size/lint weight per boll. 
Highly significant amounts of heterosis in the negative direc­
tion were detected in three of four data sets. Epistasis was 
not a significant factor in the inheritance of this trait as 
evidenced by insignificant F2 deviations, dominance by arrays 
interactions, and chi-square values. All assumptions were 
not completely fulfilled, although, no one assumption was 
determined to have been seriously violated.
More dominant than recessive alleles were found among 
parents for bract size/lint weight per boll. There was
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a significant amount of both additive and dominance gene 
effects for this trait. Partial dominance was exhibited 
by most of the dominant alleles effecting this trait, and 
the majority of these dominant alleles condition smaller 
ratios of bract size/lint weight per boll.
Heritability estimates for bract size/lint weight per 
boll were highly variable and averaged 0.46 over all data 
sets and 0.61, ignoring non-conforming data sets, which 
indicated that nearly one-half of the heritability was 
additive in nature.
MoBW, DSIS, and Coker NF were determined to be desirable 
parents in a hybrid program with the objective of reducing 
the ratio of bract size/lint weight per boll, based on their 
relatively high rank in the order of dominance and small 
ratios of bract size/lint weight per boll, on the other hand, 
Greece was determined to be a desirable parent in a varietal 
development program.
The bract size/lint weight per boll was positively 
correlated with 50% span length, negatively correlated with 
fiber micronaire, and negatively correlated with fiber 
micronaire, and negatively correlated with lint percent. It 
was determined that one must use parents with high lint 
percent as well as parents with small bracts in a breeding 
program with the objective of reducing the ratio bract size/ 
lint weight per boll.
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The author has chosen to deal with the negative estimates 
of effects on the basis of assumption failures. Jinks (27) 
based his negative and H£ estimates on error, which is 
possible since he used eight parents and grew the diallel 
at only one location for two years with only two replications. 
The author does not consider error to significantly influence 
the estimates since negative estimates were related to 
population and not environment.
If cytoplasm influences bract surface area and bract 
size/lint weight per boll to a significant degree, then this 
also could have contributed to negative estimates, since a 
conscientious effort was not made to obtain equal numbers 
of seed from each parent in the crossing process.
Kuehl £t aJ. (38) state that only by increasing the 
number of lines can the variation of genetic parameter 
estimates be decreased since it is a genetic sample. They 
point out that genetic parameters are estimated with low 
precision unless a large sample of parents (over 20) are 
used. Hayman (20) contends the diallel cross theory should 
be applicable to as few as two parents. The author feels 
that an adequate number of parents were used in this study.
It is realized that all quantitative traits are not as 
simply inherited as stated in Hayman's theory (16), and it 
is easily possible that epistasis, multiple allelism, link­
age, and correlated gene distribution could all be operating
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in the inheritance of the traits examined in this study.
This study was performed to answer several questions 
regarding the practicality in breeding for reduced bract 
size. First, there is sufficient genetic variation in the 
G. hirsutum germplasm pool to make improvement. A highly 
significant genotype-year interaction suggests that one needs 
to test over years. Parents were identified with desirable 
bract size/lint weight per boll ratios and genetic systems 
for both hybrid and varietal programs. Investigation of 
genetic systems involved in the ratio bract size/lint weight 
per boll revealed that at least one-half of the inheritance 
was additive in nature, thus recurrent selection or any 
breeding procedure that seeks to concentrate favorable 
alleles would be advantageous in rapidly improving the 
trait.
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